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(57) Abstract 

A functional RNP containing (-)-chain single stranded RNA originating in Sendai virus which has been modified so as not to express 
any envelope protein. An RNP containing this foreign gene is prepared and inserted into a cell with the use of a cationic liposome, thereby 
successfully expressing the foreign gene. 
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-^■ii-xmWk^^ frX^tt-lt. H^D^^l/X, DNA?^;i/7, Ztztty? 

Atfi: 'JtfM*>^7»jI£-#: (ribonucleoprotein complex; RNP) ©ff£T" 
r^URM?^*©^^ mRNAs#*@ffift&*g©>7V ARNAK/W 7 
U ^ -i X UT A ©RNP-^©T-fe > 7* U *tftmt% t ^ o £ T 7 >?-tr > X ©IH 
M#^££e§&^o cm*.© 1 ?-* ^7&g#©RNA#lM^ — k'llot, RNP^t 
^ft^^t LT^-<;i/XmRNA©fei:^fc«'7^^X^V A0SI4f7% 
t^l:tt:?^7-»A (nsRNA) 9 ^ ;i/Xii^«©«gT'©^Jim b 
, DNA7x-X^}$fc^^fc«)^fefr^©M^3i^ (integration)l£jg.I <hta^ 0 

RNA -7 J )l X ©itfi^g3S^ 7 ? - b T © ££t£ i: * t < t 3 & 

©£,1frft3o 

*^#^>l±nsRNA9^;U7x©tt'-C^^>^^7^;i/X (SeV)liai Ltlfco 
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paramyxovirus) CIU murine parainfluenza virus©— ■So Z.(D^^)V 
*tifc M3^UT#il£ft#£^i:S*>ftT^So £tz, (Z strain) 

£3 (J-of General Virology (1997) 78,3207-3215) o £©l*fct*7 ^ £ y i>>f 

fco •fe>^W^d';i/^(i-o©x>^n-7'iSI^>;^KT'$)^heniagglutinin- 
neuraninidase(HN) ^fusion protein(F) £tf*UT?&£iiiII&M£ig«s 
jgdU »*«Cga©RHA#y,><7— lfi:U^7^U^7 , 07 i ^> (ENP) jg£- 
fr©BT-#S1" A fcUHlSSfcifcai U * ;t £>T ;i/*©mRNA©$K¥&t>* 

^yAOlI^lr^ (Bitzer, M. et al., J. Virol. 71 (7): 5481-5486, 1997) 

o 

•fe>*y ^;px»£ls]iK-f 3£i££P§#gUT^3o :oSSC*^tlis #l 

*Ks LLC-MK2«BlBCT7 RNA * »J If *u- K-rS9*S/-T'W;i/;*fcJ8 

ffe£-£;fcgL T77°n^- ho-;H"^-b>^W £^ ;i/X©T>f-!7 r y 
Afc^-Kt ST"-?;^ Kils ^>^^;1^©4£*>^«(NP) N RNA*IM 

^g©e¥s^fo^;i,xw©7^>^';-^^i-?)»^{itstt©$»^.( 

ttflitofc) ARNPstC^gJ£i*3 0 I4it>^^ ^;i/*©®Jfc©*§£Cti 
x £©Wt6to&y ^ ARNPs£W1*J5fcMt> 5 i: ^^©Chorioallantoic sac£& 
AUTt*U^>©±iili$fT9 (Kato, A. et al. Genes cells 1, 569-579 (1996) 

)o 

KSUlDatrCfc^fll^nT**) (J.B.C- (1997) 272, 16578-16584). £©£? 
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l x \ ^ tz ^ v n g it c % © ct o tsmm om^m i± ft 

* IB BJ? # 9 tt N A 7 £ v |4 £ >f ;b x X & 3 -fe > -f £ -Y ; 1/ X 5> RNP $ TO t 

fclB Lfc* > ^ >> -f AcDNAfcSi®! U £ £> t«Uart"C»cDHA*3BH$ 

Rft^>^^R**3RtSMBC#AUttimrt"7F«fi^iliy>'A*#1-S 

BSiP^RNP^^Dmu. £ft£jb?-#>£0y#7x£$/3>K3gJ:iI£-l/^ F 
Ifi^SMCiAlfco ^©m^s RNP##A£ftfc«lllS^fciU )/7$—&—X 
&&GFP©fg3Itf&fcb2ftfco 
fiPt>x *$gE#S?H\ *>^^-f;i/^<P5>llllWftIlHP*lliil'r*^fcK:j*35& 

T*lift<s Witt^f-^VttU^V-Afc^d^e^XKII^JffltTJliteC 
9 A t fc i§£T* % > RNP £ $ £ ft 5 * IB3H$ * 5 £ # RTffitf & S £ i: 
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(1) {&)^y I t vm<54 )lZ(D'PtiL< ^&-o©^>^d-7*# 

s (b) m (-) it-#gtm£<£?):3-b*£ft3, muizmstzty 

(2) (-) $|-#IJiRNA#NP* W"^f|, P^W^ff, ^cfclFL* W^ff£fg 

(3) (-) ||-*HRNA^-t>^^'i7-l';i/^(3S*ti)s (1) Sfctt (2) £E 

(4) (-)»-*0RNA# N ;*&fc***&?4=i-FLTV^ (1)*»5> (3 

) ©^-rn*cE«©a£flK 

(5) (4) cEaoa^ftds.tv^^^^ffiiiia^^trJifi^xffl^^ 

( 6 ) ( 4 )tEtt©«£<fcfc«fciJ t *^tf >&*y T-z-atsMfc^m xmmm 

(7) (5) ^fctt (6) izmm®&fc*mxmmj£®*mmzm\tzztmz<s; 

/^^V^^V^^^W© TNP S P s M N F> HN, £efcTOl£^j £{±> 

ctd(iai3^n.^o hkks NPjte^ti rNite^j fcaE^ft a 

So 

b*hTD£>f ;i/*JR N P/C/V M F HN - L 
;^7-7^^I N P/V M F HN (SH) L 
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t-EUfr-f N P/C/V M F H - L 

011*. 7 ^ >7 V $ ;i/^f4 (Paraiyxoviridae) © U X n £ J )ix ( 
Respirovirus) H#3g£ft£^ ^©^^©itSIE?!!©^-^ 
>S-^(±s mmfc^lZ-D^Zlt M29343. M30202, M30203, 
M30204, M51331, M55565, M69046, X17218, ?mfc?lZ^Z\Z M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008, Miie^ilo^Tli D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056, FStfc^ 
o^Tfi D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X0213U HNSte^to^T & D26475, M12397, M30202, M30203, M30204, 
M69046, X00586, X02808, X5613K Utfc^do^Tii D00053, M30202, M30203, 
M30204, M69040, X00587, X58886£#jf,©£ to 

ntroro (rnp) &&mzmtZo Rum x.>^D-7-^>^^a 

4>&< £&-o©x>^D-:7*>^R£Sg^L&^ e fc5£afc^£ftfc>'^ 5. 

^v->^;i/xts*i-?» (-) m-*mwk s (□) ^ (-) ^-*hrna 

(-) £-*iimfcig£-f **w<*Rfct;iu » (-) II-*WAi:iSgi5 
.tV/SfcttlHStlg^U (-) II-*fimh^#£^t3*W^K 
©£i:£w5o -IRC, ^^VM^a© (-) «-*«RNA y ARNA) 
NP*W?£Ks P^W^Rx fcitfL* Wi*K#i|g£U"C^3o d©RNP 
C^SnSBNA^ m©ft¥*J:lflM^fc#>0§IS!i:*3 (Lamb, R.A., andD. 
Kolakofsky, 1996, Paramyxoviridae : The viruses and their replication. 
pp.1177-1204. 7i2 Fields Virology, 3rd edn. Fields, B. N. , D. M. Knipe, and 
P. M. Howley et al. (ed.), Raven Press, New York, N. Y.)« #SBW©1££<* 
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(-) «-*ilRHAHCil&©^W^IC (NP> Px ££tfL*>^ 
7ff) tftt^bfcRHP*^flcTf*5o -fits >^ X>? Vt)4fr7.<bWm&W£ 

ztitzmitmmftxm^TMfc? (RNP«^n^*nsHNA)©n^-jR*Ji 
n^o *^Bj©^^^-ii, $?£u<te> mftX'tiL&fr (rnp) c^jftsm 

(RNP) ©fifcfcLTlis ^^Vf^Jl'X^&ftfcttSCfil 

ISii&^tfx ^7 5*v«>>f;i/*B£frf s^-ni^ ftc-fe>*y <7f;ux# 

$?ig75&3o (RNP) ©SfcfcLTtts ^^^-Ol/XJ^M^ 

m&t?'()\'^ >7;i/x>if «?>r;i>x (SV5) N th;^^f> 

#M©RNP£'ai;ft£> (") m-*mRNAIis ^7Vf4^^X©'J>&< 

<7f;i/ 7 (Sendai virus; SeV) ©ii^s ^©■M )\,7>W J AIM 
Xfctftl5,000JMT\ ^^r^ili 3'©®^y-^HW*C*tt*s NP (*7 U 
;fr*-*>7"^ h') s P (*7*)> M ("7 h »J y *X) N F (7a-^3», HN (^T7* 
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^ hHNjl£?©ii5£ LT V ^ £ oRNP©^fig(Z £ d ft (±> (DM 6 Kl±<fcgfc^ 
©ffMteU 0!^KLLC-MK2«BJB*ifT?fTt)*SiIi:* J T*tSo NP, P, £J;tfL*> 
^T*<fc^o RNP£^J&<**£fca&C$631£tfS NP, P, £J;VL»£iPfci:* RNP 

Kttftv^. -r&b^ ztimm&Tifi^-Ytzm&moTs.smmMi*. rnp 

VJkftu- K-r^^>;^K©T^y^IB?'J^©S^T-^< fcfc, ^VARNA 

\$m<Dt7 j ivxcommMfc^x-ixm lt & £v^H®RNP#^/&£ftfti^ <r ©rnp 
np, p^ fcivLfce^tfassstu ausfl7?e4«it:BiiP3E«i«i-5o 

^^T-^So F»£?£fg31b&lNj:9fc&g£ftfc (-) ll-*»A 

tfe* (-) ||-*^RNACiJVNTIB3HU*V^J:"5taS[^$iifc^>^n-r^ 
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u--f*>yn>7%, mzi&km'&nfo&tu (vsv) ©g*w^k (vsv-g 

) zmfzztvzgZo mz.&7m&nft&t?j jit. (vsv) ©g*>/^sc ( 
vsv-g) zmMtzmmzm^T, xmwmwm&fczmmz^zzttf-zzz 

o 

% (-) m-xmrnttzizztDrnffim^-vtz^tt-mAZs ^>^d- 
■7-*>^?nz%Mtzmm (^w-mm ciAitM^t, (b) mmm 
*t%m u * © m#±s^ fc ii wffl ai» ^RNPa-^ft 4 EUR-r § c ^ c <t »> m 

xv=ri 7m&m^hz&oiztzzt&M&fo<Dj$mf&(D®m*±.tfz> 
&»ctt#3: uveitis (-)«-*«aiASfcii*0ffiifgi&3-H-rsi»iA 

£T77n*-*-®T$*t;:*B£i*\ T7 RNA *U ^ 7— b? \Z «fc t)RNACfe¥£-£ 

t47*77$ KMLtz^>'<n-7m&mzmm,t2>^?*-tet>mz, 

NP, P/C:te«fclFLSaK©»S^* * - fcfttlfiJMBfc h7>77x;?i/3>t 
5 d RNPS^^#tf^^^X£DS^^ff9-i:* s T§5o £^ #J 



WO 00^0055 



PCT/JPOO/03194 



-9- 

^ )V7, a &%frt> n % z ti h (Dm a nm*. ^<dt^j msm \z v -r 

;i^i#©K?iJ^©£ii:T-&< fctu $^©#AC^£&tt#^S©^fth 
E§fr**UiU:&e>«x ^^^Atfc^v sai^iffe©^ ^©fflMfc? 

#l#!i)o 

ft*© h7 >X7i^3 >i£^* s fiJfflT-£6o DOTMA (Boehringer), 

Superfect (QIAGEN #301305 X D0TAP, D0PE s D0SPER (Boehringer #1811169) tt 

(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o 
±13© ct o iz ItlKi'^t^ << )W<9*-ifilA9kt<ftti\*. z (DBM* 
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**RiiB-e»So aerate £4 BWfc-rsaracfcJu Mc^^n 
* * -DNAi; mb =? £ m x t % m-sit. mz.\z»*.>?4^'( -dm 

*EBI&»A1" 3£ tifiMt tv^ (Journal of Virology, Vol. 67, No. 8, 
1993, p. 4822-4830 ) 0 t> 4 ;V7©#I<e? (NP n P. M, F, HN, £ 

e : ?©«a*S6ifftv%«t^c-r5fe^ fl^ae^oiii^fctt&scas: e-i-s 

SE^'J (£^iS#E^J-:fr£E*J-lE¥*lfgE?!l) Sfctt*©®^** At5, if 

(-) £RNA©3'igcaa^££ (s^s^-r ^©y; ^©ae^EBK^vvt: 

T(i> Ut&Pfcj&^tiifK #A^tifcji1S^©^M^g<^?)o ^*jtfE^ 

-f ;i/ ^ ^ y A H * V ^ JiLJtfi? ©T » ( * 3tf t 1 -f * V ^ T JiUtfe* © 5' 
RSStt), Sfc(±L^fi^©±«i(^^x^^lC^OT{iL3t^©3'^a5C[ 
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, mzmm&mommLmttzzt&xzzo ^VA^-Ft^^- 
nwoMmmmm set a^ae? mx^ftxt zztvxz 

4 h £bT&cU^ $&$©1i£ft*©ftNA^V Ateu Z<D£olz%>XLfz&mz 
&g iz m<Dft£ MB? £ L X V n X $> =fc ^ o 

mz-&, Kato, A. etal., 1997, EMBO J. 16: 578-587&tfYu, D. et 
al., 1997, Genes Cells 2: 45 7-466 ©1EHW £X, dl<D£olZLXmmtZ>Z 
ttfX^Zo 

izmAt&m&*mizt^xm.mt2>o urntt* mm^mn © * \z Not 11 

iiA^tiv^ ©t£» m S©it£^$r ft fePCR£ £ t)Jf(i!!lK1"&o iHs£ 
ftfc»>t©ffi«#NotISft£: U * 6H-*KHr £4 **©lE¥**ttBai 

(e), ^ss^tj (i) RvmzmmBm (s) (ei sbsi) ©nt-^uo-r 

HotIIWIBil*«»fl»(ftE?!iav*K¥IHeE5!I (E)> ^£K?'J (DS 
Uf(E¥M*&E90 (S) hgft£fi^©-^©E?y£^t?7-^v-ft£LT, 7 

tu—Y ms&wmn rwj zw&mm&m ( t > -t > x^) *^ jes-t £ 

o 

flUlis 7^7-Kii-^figDNAE^Jtis NotI(iefc3^»r£«IE-rSfc&K 
CfiE«O2feJl±05f^l/*f-K ($?£L<i£GCG N GCC©NotIB«fflffi4*®E5!l 
#^£ft&i^4iS*, L<liACTT) £MiRU *©y«fcNotIB*»(ft 

gcggccgc^ttflP £ 6 ©3' m\Z7s^—' V—WM t LX &M<D 9 igS£ 
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K>ATG*»6^n4^»TOEP0«l2 5^»ffi^©E^J^ftSa LfzBMt 1 5o ft 
»(Dtt*ttG*fettCfcft5J:5t»ma©cDRA*?,tt2 5 &S£M}RbT 7 * 7 
- KflB^fifc*- U =fDNA©3' ©*Ssi t Z> Z t ifiW & b V>o 

UM-*#J^DNAffi?iJi£5'» £ffifc© 2W±©7 7 Utf?" K (£?£ b < it 
GCG> (K:C©NotIBMffiS#©EM#£i^&V>4*ak b < ttACTT) 

£MIRU *©3 , flraotiBli$<&gcggccgc£{tiniu £ e>£*©3'ffilfc:ft;* § 

■l»t4fc»®»XlffrO*U=fDllA*f5|lHJ'r*o £©tf'J:JDNA0;g£Bu Not I 

sffispftgcggccgcfc^a, cDNA©^MmmsE?y fcaafit SHr^^fr-Ol^C 

£«UUK£18!§H"3 (^t>®& T6©;i/-;i/ (rule of six)j ; Kolakofski, D. et 
al., J. Virol. 72:891-899, 1998) 0 £ biZWXttfrWMt* 

<Dsmi)<Dmmmmn. #£b<ii5'-cTTTCAcccT-3\ imn, &£L<\t5'- 

AAG-3\ E£5l©ffiftME8U b < li5' -TTTTTCTTACTACGG-3\ ©3' 

©EgtfG g feli C ct -5 ££3 ZMRLXmn&mu bs U M-7s{ll£sX, 
^-U^DNA©3'©^ht2)o 

i:#T-££o b<fiVent#lM7~ t? (NEB) £E^TfTV\ tl*l bfc iftBft 
M-{iNotIT*^'fbbfc^> 777^ K^^^— pBluescript©NotlSffit:#A1"So 

^#e ) n^pcRMtl©^Si^^J^v-^^>•y■-T-^^lEb^IEbv^@^^J©7^^ s r* 
*mvit%o zor^xK K*»e>»A»fM-&NotiTf«iDaiu x^p-T'atfi 

^fc^jS-fS^V AcDNA£^t?7*^;U K©NotISP(4t^D-->^-f5o £fc 
77^U'^^ -pBluescpipt*^*rtcNot^fi[tEgEffX bs*l$;L-fe >** 
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^;u*©L, P N NP*>^£ftC«fc!K RNP£J5fllfiK£i*\ C©RNP£^ 

ft5Zt1fi"ei*2> OW^PI97/16539^; Bfig&l897/16538-5§; Durbin, A.P. et 
al., 1997, Virology 235: 323-332; Whelan, S.P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. 
Natl. Acad. Sci. OSA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404) o «>-f ^^^-DNAH 
£V^T, F3g£^> HNjt^^x :fc«fcrF/*fcfc^fi?S&fc«*tf&»£CB:, *<D 

^zt-mkZMmft^mxtzismzit, &©£?&£&, ®g^©«^ 
m«e©^^^iis^^^^oDNA^^tf^ft§^^^^®g^©«ii 

®tLx\±, mz<d h7>z? *?^3>u%i&fflmT-nz>o mz.&, dotma 

(BoehringerK Superfect (QIAGEN #301305), D0TAP, DOPE, D0SPER (Boehringer 
#1811169) &£#*fcf&ft3o ©fcbTttfl*tt'J:/tt*;V$''>A&m^fc h7 

£.W0&$.tlZifi. &mz&-\-frt£m<DMkftX2>Ztft%\t>tiT^Z> (Graham, 
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F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223) Q Chen&itfOkayamaii r- 5 >77 7— ftffiCMftft 
ttWU l)«ft»0^f^-^3>^ 2-4% C0 2 , 35°a 15 
2) DNA(iiim^J;!9^0 i fe©^tt^if<s 3) &R*I«*©DNAiI 
20~~Z0jug/n\(Dt$mmtj:m®&m S>ft5i:*£bT^3 (Chen, C. and 
Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) D @0£ffitt N -3tt& r 5 > 
77x7^3>£jgbT^5o * <&DEAE-r*7 h^> (Sigma #D-9885 M.W. 5 

xio 5 ) s**3fa©wiAaftjfcii«u h7>77i^3>^sa#a 

^&&fc&£7PD*>£;&D;i£C£&T*§S (Calos, M.P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015) o ®©#&(±SM£3l&i:0? KftS^S^ ffl®M1R 

DNAiiJts M®Jg©ft»#TT-m^£ftT^£o 

&©&&£&§*?- a 3 ©t\ *jbwh*^t»4n ^>^7i^«>a 

>§£^#jILT^£o JfitKti Superfect Transf ection Ragent (QIAGEN, Cat No. 
301305)s $.tz.\& D0SPER Liposomal Transfecti on Reagent (Boehringer Mannheim, 
Cat No. 1811169) #ffl^£>*i£ 0 
cDHA*^0lf#ljftliJI*»ttt*O«t o £ irfr-5:i:^§5o 
24ftfr e> 6 5tgjg©7*7 y 7 7b - h £ fcliiOOum^ h U mLt"^ 10% t> i/ 
JJ&£jfll?i(FCS)43ctTO»M (100 units/ml ^> D >G£cfctflO0A<g/il 7 h 
1/7" h 2/ >) S£&*'i>ifcSJS«l (MEM)&ffl^T^;b»«**IBIJSacLLC-MK2 
£70~80%3>7;bx> Mc tg#U 08 *K 1/zg/ml psoralen (V7 b 

>) uvMiirM^207>MT"^rSfb tfe, n#y p< 

%.VZi/-7t>4 ;i/7vTF7-3 (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 
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83: 8122-8126,1986, Kato, A. etal., Genes Cells 1: 569-579, 1996) 42 PFU/ 

is, mmmmfe, 2~6o#g, £s#£L<&3~5Ag©±i3©iTO;i^>^ 

;i/7cDNA£ s ±& J zy?4 t/lKsMJ A<D£.mz&mi3i h^V^tlfl^T 
Z^j )l>X*>^>7n*mmtZ>77Zl. K (24-0.5>ug©pGEM-N, 12-0.25/zg 
©pGEM-P, 1524-0. 5 ,ug©pGEM-L, «t !> ff £ L < {±l/£g©pGEM-N, 0.5/zg© 
pGEM-P, 43«ttflyUgCDpGEM-L) (Kato, A. et al., Genes Cells 1: 569-579,1996 
) fc££Superfect (QIAGENtt). Sfl!^'J#7i^i/3 D 1^>77 

rc^i/3>t?)o h7>^7x^'>3>*frofeaUiattx Br2£ «fc 0 100/ig/ml 
©i]77>t>/> (Sigma) M^bv>77tV^>F (AraCK £D£?I:L<& 
40yag/il©^> h >»77t7 i/ K (AraC) (Sigma) Ofc&^fcJfiLiW* ^©MEMT*Jg 

«u 7^>-7^KtJ;«STO^^ *>r;i>*0ll]JK« 

»^H1-S«fcatJlfflla)M«**l9^1"5(Kato,A. etal., 1996, Genes Cells 
1: 569-579) 0 h 5 x? >fr &48~72II#IIBS*8«*n fflfcfcEHRU 

SLLC-HK2«IJBC h7>77x^3> UT^Hf S 0 £* 3-7 Bft 
EUR-TSo NPs L, P^S77X; K£»fr£>:r->^D--7-*>^7 

g£ $g3BT £LLC-MK2«£ h 7 > 7 7 x 7 > 3 > f & £\ * fcttx - 

* KfcftC h-7>7 7x7^3>Tfll£x fSffctt^-f ;V7^7*-£<fc 

#fS5 (^»J#P0o^«±^^^^n^7-f/V7*fiffiiiMM»rSt4(HA) 
SM^tSilfcCiOft^-rSClttf-eSSo HAtt r e ndo-point#lfa£j (Kato, 
A. et al., 1996, Genes Cells 1: 569-579) £«fc 5 «, 
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iz^zmmznte^iM&i.-byyjtJfrz^t-ztz © nm 

ztz&s ^>^u-r$ yAtnmfei-mm)k%ntzY7y7.v^zzy zmm 
*m^xt>j )ix-<^ $>-*£.mtz>z.£$>asmT~foz>o %m^.^tzt>^)^ 
^w-ommumzmzmmztix^z (*ffie>it,(i993), v wmM¥m%o 
^si7*D bD-;mi, fr?wm.MM*Em¥_i , mm±, pp.153-172 

)o m%.lZ, gMW*t%mmiz\ti$~l2Bm 37~38°CT"£iiU e 

pp.68-73,(1995)) 0 

jiy^n-7$ysi?W£mmtZ>^?-tLX, #fPJ©}££ft, £tz\Z 

A±T-^»bTu&^>^o-:rjifi^#it&3 2ft©RNP^ft£f5ii:£ffl 
M^fe(i^^^i^±©*^0^©RNP^i^fr^fc(±^n^^t^^'r;^^^^^-^^ 
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£#-e§So CO.t^LtSI^fifcS^'fW^ 

&S 0 &tz, ztihO^J x>^D-:T3t£*#&ilbT^S#x x> 

t£h&0\ZlM7L, £ft£M-eiOM5£;tt«U ^©±^£10-40%v3»£} 
E©±t-MJfU 20,000~30,000rpmT-30#jl'hU RNP^^tfH^tlHliKf So 
Sir Wis «W;i/X£0.6% NP40, l%©T^i/3-;Vith'J^As 1MKC1 
s lOmM /?-^;^7t^x^y-;K lOmM Tris HC1 (pH7.4K 5mM EDTA mWiB.) 
\Z%frto 20 6 CT-20^^S U ll,OOOxg-C20#IH»'fr-f So RNP£^&±^&£ 
50%^'J-fen-;K 0.2% NP40, 30mM NaCK lOmM Tris HCK lmM EDTA IZMM b 
, 39,000rmp, 2BfHs 4-Cf LT#R&@JR-f So «JR££$ftSMiP*£{* 
tt, 0.5% Triton X-100 fc£tr»«CH*att3*, 10-40% v-sHi^Kl:: MS 
U 20,000-30,000 rpm-r* 30#3§'I>U RNP£^tfJ£-©^*> KSEUKf S d £ 

*«^®a^i*:{i. «jitt4a***^u >a»ff£3iAtt* (pbs) 
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DOGS (Transfectam™) g-fcliDOTMA (Lipofectin™) (yx-f;i/M) 
DOTAP (yx7f;Hb^H) 

DOPE (ytl/^;i/^77f^x^y-jV7^» 
DOPC (ytl/t^M77 7f^;^U» 

DPRI n— tf>*— ;i/«HMH? (Ri) (DL-2,3-^^^7D-f;u**»>rnK;i/ ( 
/?-fc Kn^x^l/JIftTV^-./A (Sigma) ©S?/W5W;Wb 

DORI ra±©y^-l/>f ;ufi|a»<*: 
tttttUis #'J'JyX JMJ£#U7^>, # I) if- !✓ W S ft 

o 

m A t X &&mz $ £ ft SRNAfr e> ?tfe^ * * 5 d t § § o 

a^jUS^ tT^ii©?&^rae^£ffi^ftiis iH£^?s^£fT&?;:h# 
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fc?%m. mm (ex vivo) s#t«tsjia : ?iss©^i"ii0^»c«toT*. & 
fc?m%%m$#zzt&*imT'&z>o K&&& : ?tix\±ftizmmz*<, m 

&\zftLmmtzztifi**.*>tiZo m?uzmmfemtLx\t. mmmm. tit 
\±wm&tez<D&iM&7fiiM& (apc) izfem%)m*t%t2>&fctt%.m$-&zzt 

VX-gZo ZfDXdteAfcTtLXtt, Muc-l £fcfcfc Muc-11§A^>*> 

xA'J tf-h^rf- h* (*H4$fFi§ 5,744, 144-t), p^y-v gpl00inji&£# 

^tf6ii5o ^o«t-5&ae : Pt:«ts^*i^ iii^ fritisyfi 

) IL-2fc-#£IL-12 fcCDffi^fc-fr (Proc. Natl. Acad. Sci. USA 96 (15): 
8591-8596, 1999). ii) \L-2£<< >*-7xD >~r (^H^fFfg 5,798, 100-^) 
, iii) *a■efflV^^>i , L5le«[«3^=.-jMatH ; ? (GM-CSF), iv) 
ttil^Lfc GM-CSF i: IL-4 <DH&HGt> J ± (J. Neurosurgery 90 (6), 1115-1124 
(1999)) &£#W&ftSo 

LTfck <f >7;i>x>1ffc£vvCfck H5N1 fx 

>^p — 7\ B#IHifc£:fc^T{±^*l£x>^a — 7 (Vaccine, vol. 17, 
No. 15-16, 1869-1882 (1999)). Xt^Ttt, gagSfcli SIVgag 

^>A°m (J. Immunology (2000) vol. 164, 4968-4978), HIVx>^d-7*^ 
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4 (Kaneko, H. et al., Virology 267: 8-16 (2000)), n U^K^^Tte:, Mz. 
\tZ3\s?MM®W73-—y V (CTB) (ArakawaT, et al., Nature Biotechnology 
(1998) 16(10): 934-8, Arakawa T, et al., Nature Biotechnology (1998) 16(3): 
292-7), teXmiZS^Zit, m?L\Z&*mt>4 )\s7>®te*>rt2 (LodmellDLet 
al., 1998, Nature Medicine 4(8): 949-52), ^WM^^Zte, th^tTD- 
v<M;i/X6S©#7^> K^W^Ll (J. Med. Virol, 60, 200-204 (2000)) & 

fijtJ££T, 4 >i/=>- U >BrK-©^7?- K©»S#frfe*l"0>* (Coon, B. et 
al., J. Clin. Invest., 1999, 104(2) :189-94) 0 

h Mm ©tg**^"T¥llTf & & oft^ft&tl «fc t) fctSeV-FJrift £ £X©^ 6 ix 5 

B9 2 li,Cre-loxP^H «fc 0 $9l&fiH! tfcFSS g©«fflSaS®^©x 4 ^ 7*U >f 
&»*f UfelSJR*^riaTf*5oftSeV-Ftftft*fflV^TLW-MK/F7©7D-^-f h 

0 4te, «affi{343^§HN©^S5!f>M©lffl^a^©iSg^T-SIEb 

&^1-?H^fe5o F^pseV©s^^(;fflv^fcy^^^•7'>^;^^t t t twu 
1. LLC-MK2*«tlFCV-lt±*n^n©iSfflllStt©^©lfflllS7-f -b- h*ffi-To 
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2. LLC-MK2/F+ad££tfCV-l/F+adti77V 7^ ;i/*AxCANCre£iQ;t fc^ft^ft© 

3. LLC-M2/F-adfectWV-l/F-ad}i7xy '>^;^XAxCANC^e^^I^xTl^ce^^ ; en 

-en© f Mfc^mxfcvnM? * r zmt* 

4. LLC-MK2/F+ad SrdliTfV ;V7AxCANCreT-f§#fgJIbfc$flB§£2 6 £ 3 

5. ld*«fcU f 3di±*n^ii»#«3H«l B*<fclF3B**Sf« 

6. Vacld*5«fcWac3dtt*n-€ f n , 7^'>-7 , '!7>f 1 B££tf 3B©*H1 

7. AraCld££tfAraC3dl±^ftmAraC£»bT 1 B£cfctf 3 B©«£Ht 

o 

8. CHX ld££tt*CHX 3to±%ti?tim&&imMfflV'r 9 d-v^v * 
T 1 B 43 «k V 3 B ©aHflS^JIt-o 

0 6&> GFP«AF*£SeV cDNA(pSeV18 + /AF-GFP)*F^»3HLLC-IK2jMaC h 
7>X7x^>a>LTGFP©^3S (RNP©®d3) 4«*Lfc|g*SeaVr»T?& 
Sott^S^bTF^fe^Mfc^S' 7^ U F*fcS<ft£GFP&z* 
AtfzSeV cDNA(Fi/^7;i/SSeV)4fflV^fc 0 r allj ttSeV cDNA©^, NP,P,Ug 
B?Z%mtZ>77 7 $ K (pGEM/NP, pGEM/P, £7JpGEM/L) r ^ >7s 7 

x^i/ 3 >bfc^©^afc-r 0 r cDNAj licDNA ( P SeV18VAF-GFP) ©fr©h^> 
77x^3 > *«t>-To RNPr5>X7x7^3 >ttGFPft«a bW SPOfflJB 
fcEUKU OptiMEM (GIBCO BRL)£&«b (10 7 M/mlK «glkP3g)< 
b&^-fe- H00,ul£#^;t>'tx , ;tfV--AD0SPER(^--l> >U-°?4 WW 
A) MH15^HK«tT*»e>s FSgJS8§*«WIS (+ad) t«b 

N RHPh7>X7x^S/3>Sfrofeo «Ua©»IHWi:LTCre DNA'J=3>t'^- 
■tf&JB3HrSfil*^7 , 7 r /'>-f;i'^*»iB (-ad)«£fflV>fc 0 *©S^ PO© 
LLC-MK2W-C«GFP(±SeV9^ ;i>*BNP0»JESfctt#W£*Jll"$"3 H U 
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E7li, Ffcfc^V AcDNAT-S^II£ftfc*£i&&£RNP#. F«S^;W*-ttB 

^fcf£££iF-r^JI"?fe2>o RNP/o(iRNP£MJf (overlay) UfcMfcfg U RNP/t 
liRNP £ transf ec t i on L fe • 4 £ 1" » 
88lt F^-M^T^ F|B3HiMIJfiK:«fll»CflMI$tLSc:^**fr»fc6 

©tg*±?i^F^w©^±fe^iax.»^^> 3 a at:iaiJR$nfe^*±?(i*N 

F«3»«fti:F*«33MMStBI«Ft:»iDU h ur-»#aEi:*#ttTtJ 3 BIB* 
, J3*±i*&ll]JRbfco ^©J§«±?»SF«S*BIIIS©««lK:lJ0i!BI{5s$*N 3Bg 

#a^##ST-e 3 Bia^*ufcoT©iiF^is3S«Bi!a©±«©a^©«s**^-r 

o 

m*m<Di&m±?ll*><D$'( )V7>&®$LU total RNAfcffltiiUT^ Fi:HN£7 , n 

tigjR^nfc^^^^i^afi^ttttm^ttfe^Fae^ttiftw^nrxFae? 

HI ll± % GFPO*e^±cDHA©«SIO|g^P«OF0^*aJ(fi[C#at5 3:i: 
4^-rRT-PCR©tt*ft^"r¥X-C*So 1 : +18-NP, +18 Not I+K h©#£©5£ 
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m 0 2 : m-gfp, GNmfcT&mfc^kn&mzft&t & z tomm* 3 : mB? 

s FJtfc^GD^aEOteRo g£§jSeV£F&«GFPfS3iSeV©>rV A«H64±t3^Lfc 

0 GFP^£^#F^«^&£??h£U MP©3 , 5fe«t+18S*OHotI"9--f h#£tK F 

0 1 2 (i N H?^;u^0Fi:HN{3^PWtS^-r5^3D^ K IS £ 

1 g G ( an t i F , an t i HN ) £ ffl V n fc * g «t D B ^ A JR * * * ¥ * "C S . t> J ) 1/ 
7®i>^D-7©7/W ^tRfltjitiF^HNCSaJt^^^^Cl^ijsW&fri:* 

H 1 3^GFP0«e?U^©ffioafi?O«l3tliS^Mi:HtR^*5c:i:%li 
B LfcRT-PCR©ii£^£^t lIlT-fe^o 

HI 5fcJu F^SSeV^^^-t«t5in vitroT-©^a&$fflj^©iS»«£ 
Ell 6tt, (BMc-kit+/-) ^©F*£MSeV^ * -©a»A 

B17tts 7 5i h!8^©^£*-© in vivo &#©*g££^"r«t?fcao 
118ltF fg3MB§fr t> @JR L F ^aSeV^-f £^fri£li±?]i£ F 

©<M;i^©#££HA assayCfltBUfeie**^1" ¥JlT?**o 

HI 9tts HI 8Bt*^T»HfBW-CHABtt-e*-3fe»K*(lane 
lane 12) &?m&#£?f£BLT@*25&®Kg?tt<DHA assay £ ft 
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H2 2& F, HM«»5WMS©»J*ft , >^^^>^ns' DSB^fce^fc^ 
t^M-C&Zo LLC/VacT7/pGEM/FHN(±LLC-MK2WtZ V? pGEM/FHN 
T^X^ h*£ F?>77i*J/a>lfc||fi, LLC/VacT7(i7^^>-T{i^tfc 
LLC-MK2« 0 LLCMK2/FHNmix(i F, H N«£?#A2ft£LLC-MK2«-e * n-- 
>^tTV>^^SBflSo LLC/FHN&LLC-MMKFs HN3t£^£#ALT:75V 

»>>f )vxT-%mmm'&ttnm omm, 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4- 

§^t?lt*5o FHN^UGFPIggtSeV cDNA, pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN 

AraC, h U 7">> >A t> ©MEMC£g| U $ £ C 3 B «£?»A& 2 B 
lTS3fellfHMWi"CttfcU pGEM/FHN©^jn©^©ii^£1&sEU GFP*3gjffll 
BO^Dt^^C^IBbfe, *0»*«:*-r. WMWSCpGEH/FHN 
^«bfc^(iGFP^«©l£^!3«E^n,pGEM/FHN©^n^^V^(± 

GFP^(i^>>y;i/«-e Lfrf!g£ti&fro£: 

^^tfltS^o £&TO»&3Bg©F HN#%$fflll3 (12well) KPO RNP£» 
Ji£fc&D0SPER*E^Tl)#7i**>3>U 4 B&£GFP&fi£Lfeo RNP h =7 

>77i^a > ®m&izfkm t mm^wmm^mm-c t> 4 ©mm 

* U fc ( ± ) oAde/Cre & ** l/t 6 BSIB Wfc £ FHNU 6 ^RIIIBSI * ft fc*USC FHN 

Ui*l#-t* g fc <i &sib Lfc (t)» 
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0 2 5 {is FHH^aiGFP&JBat5cDlIA<pefl«ft*nfe^^^^«tttLC-HE, 
LLC-MK2/F, LLC-MK2/HN, LLC-MK2/FHNH^^bT h 'J T** >©8$jbD©fifc1?Jg# 
Lfcie**^-r¥H-C**o JS*3 B^tGFPSe*3S*fflilS©l£A J t)*ttBUfco 
%<D&m*7Fto LLC-MK2/FHN1:©&GFP0j£#!9 #IS#l£fts <I 0<M 

0 2 6 (± N F H N$B3l»ljB©Jg«±?SJiJ*R N A©7V AH§ji£ifitlg bfc^H 
£***^£l?$>5o 

02 7{± x FHN>j3i«>-f ;i/^-e«»bfcFJB35MBB0JSil±ill**RNA0 

02 8iis V7U> -0VJH«t:*W-4V7i/>©MSSEft$-&fci:*a), 7 
£ - 7 7 4 )V 7> © ^r£t£ { b t T7?S& * ^ * 0 1? fe 3 . 

0 2 9 tts V7U>- UVHBMCStt SOVBR»fiFlH**fll**fc #©s 7 
=7£-f ;i/*©*J£t£rtii:T7 RNA*lM^--t:?St££^*01:fc£o 

03 0 ii, V7l/> -OVSBWLfe 7 9S/-7t? -01/*©«UfiflMH4 (CPE) £7* 
t^MZ'&Zo 3xl0 5 ©LLC-MK2|fflSg^67i;V7-V- ^(;^iV^fco 

*^ 7 7>>^r7^l/X£moi=2T-$tfe£#fco 24150^ CPE£$]£Lfco ft 
M©7^^-7 7 7-f^^HJ:?>CPE(iA, 15, 20, S&mOfrMm^tzV 7 > 

-7t>4 ;u^C«fcSCPE{i> **veftB, C ££tfDi;:^Lfco 

ft* Sf*i!£^Lfc01?&3o 

^i/-7 7 7^;i'X©^{i^^T0T-fe5 o * 
03 3li,tfiVSVH}ffifctz<fc2>7x;**>7*ny h JSfflr©^*^* 3 !^;^ 

o 

03 4Ji,iaVSV-G^ft£flH^7D-- !M M h U — «¥«f ©IS** 3**811?* 
So AxCANCre^4Bg©LLC-MK2VSV-GBl#^^ (LI) (w>i=0, 2.5, 5) ©i? 
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mfeMZ^to -^ttiiiaVSV-Gftft (MoAbl-l)s -&m#i4FITC{b JaV^T. 

0 3 514, AxCANCre ©jSSJs* (M0I=O, 1.2 5. 2.5, 5, 10) 
-£*©F ite^Sr^bfe^y 7--b>y-r 

B@©GFP ©^3SbTV^§«§il^L,fei^m^^1-«■r*fe?.o 

H3 7ti, vsv-g &m&$:m^xnt>titzv A£*-ts 

03 8(4, GYTMfcl'ZmtsY, M^M±>V^ ?7<<)V7>* VSV-Gjt£?SB3i 
0 3 9 lis VSV-G mB&fmUEr<z*m\stz?? 4 HN ^If 

04 014, m^KWiT-eGFPjBsiiiiafta^tfeigjRs^-r^ii-efeSo 

0 4 1 14, xi^n-rSBSr^;** Kfc«IMJi©fi*^b*t:J;SSeV/A 
F-GFP©Sfg$»©ft±£^t0T-&£ o PO (Hftfu) ©d3-d4 (3B§^4B 
i) ££^T, !U^iSi4«B»^fc. 

0 4 214, x>^D-7'^3i7 , 7^ ^ Hi:lilfiM©ifi^t>*t«taSeV/A 

04 3(4,cDNAfr£©F^H-te>*y ^-f ^Ol/^^a-CM^^tl 
•e&SoX^D-r&ST"^;* 2; Kfc*BMJI<Z)^£fc*KJ:<5SeV/AF-GFP 
©HfllJEdcSb*© fil± &*"f o 7 B @ I4£f- + 1/ > V t & Mfttt J: ft § l&iAig^© 
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04 4(1 GFP£££&^LacZi&« F ^S-b >**^ «W ;i/*^**-©lacZ 
04 5(1 ??4)WfJ AcDNABr>i-©-9-> r ^D-n>y (A) fc*rfc£ 

Hoti^-f hsuAi/Wssbfcaac-fey^^-f^y^AcDRAofliai (b) * 

04 611 SEAPHNotliM K (E^BMfeS'i^W *r£E5!k £^$5©^^^ 

T-fe&o LAS1000T-mDj2^£75-£Ty^©^B^©-^£^-r o 

04 8(1 ^-tr^-f )WO*—m\Z&\yZ>Vi£-$- : &fc3- (SEAP) 
©B3M©a^£itifcUfc£*&^*EI"Tf&*o SeV18+/SEAP07 ! -*&lOOfcU. 

04 9(1 PI FHHft»SIIJISt:*»75GFP»a*^1-Ka«^JtT-*>So 

05 0(1 VSV-G^a-K^'f7 , SeV/AP:GFPl8«!«IB©aai**, tfCFJrtte ( 
anti-F), OTiafr (anti-HN), ffi-fe >^ >5"f ;i/*ini{* (anti-SeV) fcfllVVt* 

05 1H **Hft<* (VGVJfift) ©#ST$fctt*#4TTfFU«tlfflH*^*b 
feVSV-G^a- K^-rrSeV4jS*$-frfe«BIJ!a©GFP©m^*^t¥XT&So 
0 5 211 «flEi3EiB3aiOSftfflV^"r«'HL&F»e ; f&S^{iF, fflHUs^fc 

If © *£JI * a* "T ¥ X T? § o 
05 3(1 Filfe^^^aUfc^y A£*7T£-te>^ *-f;i/** &£U&F3t 
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0 5 5ttx NGF^^^«LfeF^»-b>^^ (NGF/SeV/AF) ©fitil 

0 5 6i£, NGF?g«F^MSeV^SfiSSJ:D^^n5NGF©rSI4^^1-EI^$) 

?f{ii/iooo#ra^a«tfeo 

B5 7lt NGF?g«F*£SSeVJS&«J; 0 SBS£ft3NGF0iS&£*-rM-e 
-9 h 'J ©^#^i5©«#M^^»^{^ Jg*H*&i:HIIS£SeV 

A) 3>ba-;v (NGFiSiraft lA 

B) NGFSfilOng/iHRftK 

C) HGF/SeVJS»«JBS*±illl/100#Rai« % 

D) H6F/SeV«%inm*±j||l/100«RS2ia. 

E) MGF/SeV/AF!RjfeWa«f*±5lll/100«R«WlI. 

F) NGF/SeV/AF-GFP^^W^#±«l/100#f^« 

0 5 8 li % Ad-Cre©moifcF5G©$83S*£^"r¥X"CfeS«» 
0 5 9 ft, Adeno-CreC<fcmC-MK2/F©?g3i£^¥XT-$>£o 
06 Oft, «ftC£SfcS©ftlM£***1 _ ¥JI'Cfc3o 

116 ui, in^fc«tsF«e©»4fls*^"r¥*if&So 

06 2(i, GFP-CIUi:ifi;SeV-CIUk0ffiHHfli*^-ria"efeSo 



WO 00/70055 



PCT/JPOO/03194 



-29- 

<1> F^SSeV^rV AcDNA£ cfcTOggET^ * ^ KCflMI 

-te >^*-T ^-f (SeV) ^fi^V AcDNA, pSeV18 + b(+) (Hasan, M. K. et al., 
1997, J. General Virology 78: 2813-2820) (rpSeVIS* b(+)j .14 r p SeV18 + j £ 
©cDHA^SphI/KpnI^^{bUT77^p«>K14B73bp)*glJRtx PUC18 
£ * n -.=. > UT i: -5 7*7 >U KpUC18/KS£ t fcoF^«»ttO*ISSt4 Z. © 
pUC18/KS±-Cfrofco Ffcfc^OfcSli* PCR-^-f 7—>3 >#£©*I#£fc>-eT" 
frV\ i^3lhLTF*i£^©0RF (ATG-TGA=1698bp) £Bfc^Tatgcatgccggcagatga 
(E8IM: 1) -CSOSU F^^SeV^yAcDNA (pSeV187AF) Mlfc 
oPCRJ± N F©±«tt{± (forward: 5' -gttgagtactgcaagagc/IE^JS^: 2 , reverse: 
5' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/iH^!J#^ : 3 ) N FJUk^OT 
xftUfi (forward: 5'-atgcatgccggcagatga/IB?>J#-?- : 4, reverse: 5'- 
tgggtgaatgagagaatcagc/iS?>J« : 5) ©PCRjg«EcoT22I-£»*t bfco CIO=t 
SKfcfeftfcT^yU K&SacI^SallTf^-fbbTxF^aaJfflfe^trtRaoKfM- ( 
4931bp) £|5]lRbTpUC18££n— U pDC18/dFSSh Ufco 3©pUC18/dFSS 
^DralHT^-lb ITn Br**®© bTpSeV18nDF3tfi?*^tr**©DraIIISr)t 
£g£g|;Ls 7-fy-$'S>l/t7 , 5*$ KpSeV18* / AF *mtz 0 

ZblZ, F^aJfflCEGFPJie^^lSaLfccDNA (pSeV187AF-GFP) £111^ 
Sfc«>xPCRK cfc D ,EGFP3t£^©JH«*fio fcoEGFPitfe^ * 6 ©{£$(Hausmann, 
S. et al., RNA 2, 1033-1045 (1996)) 5' (±NsiI-taild7*7 * t 

-(5'-atgcatatggtgatgcggttttggcagtac : SE^J#-^ : 6 K 3' liNgoMIV-tailedT* 
7^-(5' -Tgccggctattattacttgtacagctcgtc : EBIM- : 7 )£ffl^TPCR£fT 
ofeo PCRM«$iJI&iillNsiI ^NgoMIV-e^ftLTy^KPfeWfrftlliRbx 
pl)C18/dFSS©F^M(ZfeSNsiI fcNgoMIVfc^5SfllEB&$#K&tSU >— 
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Z*>7.*mm\stzo EGFP»fe : ?£^irDraIII»tt£lHJRU pSeV18 + 

P SeV18VAF-GFP fcftfco 

£PCRT?itlIU i/-^r>X*IBl/ft«> Cre DNAU 3 Dfcfc^ 
Mtl£f3§*^3I£ft3 £ o \zmft£tltz77 7. I KpCALNdlw(Arai h J. 
Virology72,1998,plll5-1121)©JL--^1t^ h SuaiaWftCttAU 7°^yU h* 
pCALNdLw/FiiLfco 

<2> SeV-Fga$:Sl#^-r§^^^-tt©M 
FW^AiPf.^'f ^tt^*EUR1-5fc«)x SeV-FSS^^-rS^ 

i^jfil^(FBS). ^-^>;>G^-h 50#{4/mK M/rhT-f 50 

^g/ml4«bfeMEMt:37 0 C. 5% C0 2 T'tg#bfco SeV-F«e^»li««^S 
&%tZ>tz&, Cre DNAUu^f^— tft J:DF«e^Et)^Sl^S^n?)J;^ 
t;t£ft-£ftfc±iE:7^* ^ KpCALNdLw/F£, V >H7JJl/> / ")AS (mammalian 
transfection kit (Stratagene)) £<fc tK €©7°D Mn-MzftoTLLC-MIffi £ffl 

lOcm^lx- h 40%^ >7;i/x> r £T'£WbfcLLC-MK2M£10/zg© 

77^^ KpCALNdLw/F£*IA^ 10ml©10X FBS^^t?MEM^«fetT, 37°C© 5 % 
C0 2 < >ara^-^-*T*24^J$#Ufco 24B#IS&tZ«£ti# U lOrnllg* 
10cnr>^-l/ 5&£ffll\ 5ml 1J& 2ml 21$, 0.2ml 2#tt;:lf§, G418 
(GIBCO-BRD^^OO^g/ml^^tflOmlOlOXFBS^^tjMEM^ifed-r^^^TVV 2 

^^^g*iCj:^)^WbT^feG418tBtt^^•rWi^o-->^ , ; >7*£JS^T 
30tt^@JRbfc o ^^D->(il0cm7"b-hT*=i>7;i/Ji> HC&£ 
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D-^Cov^TCre DNAV u >h*^- Hf ^W5II»7r^^ ;i/ 
XAxCANCreT-^m. #CSeV-F^6fC^ ^ ^ n-^MgG (f236, J. Biochem. 123: 
1064-1072) ^ffl^TSeV-F^SO^SI^xx^^ny h&tl£'mT©£? 

*AxCANCre£^rB£>©;£}£ (Saito et al., Nucl. Acids Res. 23: 3816-3821 
(1995); Arai, T.et al., J Virol 72,1115-1121 (1998)) iat) moi=3 t-« 
3Bf^*Ufco M«litg#±fiSm!9|^v^fe^, PBSi»r«2[I]ft^L 
s U-^-T-M§£U:#U 1500xgT*5^^^t, «£H#)£ 0 

«(il50^1 PBSyN*^7T-lIil®^ |iI*02xTris-SDS-BME sample loading 
buffer (0.625MTris, pH 6.8, 5%SDS, 25% 2-ME, 50% glycerol, 0.025%BPB, Owl 

ttSO Z1JQ?L. 98°C 3^HH0»«La««matttfflifi»H«bfco TOS (11/- 
>g£t)lxl0 5 «) £SDS-# »J 7* yn,7$ YVfr (v;i,^>fM0/20 N JB- 

h S£ £ !3PVDFfe¥H (Immobilon-P transfer membranes, MilliporettSO Hfi 
a^bfco fe¥(ilOO% **y-;i/£30S\ *£30#ISSLfclE¥B&£teJBU 
ImA/cm 2 S«*©*fftf l«FWffofco 

M¥Hl£0.05%Tween20, 1 %BSA£ML£7n y3f >^g$(7n y£x- 
7, 1^1) *t 1B#IRHI»8K 0.05%Tween20, 1 %BSA£^n Lfc^D 
^« 1/1000^$? LfcftSeV-Fmft (f236) TiSt'2|M^tf;, 
m^3IU20il©PBS-0.1%Tween20^ 5£lfflS«U-C«E*Lfc8^ PBSH»T- 5# 
R3££ Lftfr Lfco^(E¥lK£0.05%Tween20, 1 %BSA£» bfc 7n y * > 
^T*l/2000#^Lfe/1-^^i/^-^T*^LfetaT^^IgGi5tfr (Goat anti- 
mouse IgG, Zynedttfi) lftrifcMT? 1 l#IBEJi&£tffco i£i|£¥BI£3g20mlffi 
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PBS-0. l%Tween20K 5 £M9 UTi^Ufc^PBSIMHrc 5 b&& b 

fb^^Tt^ (ECL western blotting detection reagents, AmershamttS) iZX 

t> ^sev-Ftaft £ sx©#- ft s m^m±cDm e so^ai o & „£gjni£0 1 

£55**. AxCAHCre«»»l|fl9«:SeV-F©«a3!i*ttm$ilx SeV-FMfc? Stasia* 
£ LLC-MK2«©{1h fcB #8118;* ft fc • 
^ e> ft £ M« © 1*1 © - o ©LLC-MK2/F7iM & JrCSeV-Ftfift * JH ^ T 7 D - 
-tt-f HJ-flWrfcfrofc (12). 1-&fc*>> lxi0 5 «£15,000rpm 4°CT- 
5^7^>^"^>U PBS200/zl-Cft#U 100fg#& UfctaF^y £ D-^Ha 
ft (f236), 0.05%T^b^KU7A, 2%FCS£^t?FACSfflPBS (BEHb¥) "C4 
°C, ll#WaEafiUTRj6**fc. Wm5,000rpm 4°CT-5^Xt>^^>L, PBS 
200^1 Tife&U FIT^KLfcfrtT^IgG (CAPPELft) Ug/ml i;30^«±T- 
MJfc£-ti\ ?itfPBS200/zlT-&&U 15,000rpm 4°Ct*5^1^UtI§S^^ 
>**7>U lilCDFACSfflPBStSSb&o EPICS ELITE 7;i,=f 

F-fc/flV^ I&jg»g48&nu ^7 , 6M525nmT^Wbfec ^O^, 
LLC-MK2/F7 T*tt SeV-Fit£TB§a»^3ili#4f flftt ffif*fc©^£ji&14#tfeai£ 
ft, SeV-FH a K C $631 £ ft S d i: «fg * ft fc 0 

mmm 2 ] ^;i/^-«-r-i63i£ftfcsev-F* y^zwvmmm 

LLC-MK2/F7tt*6cmv^-l/{Z^§, 3>7Jl/x> 
Jt>4 ;i>7AxCANCre££S&£©;££ (±13) C <fc 0moi=3-f*g#^ hl>7^>> ( 
7.5//g/ml, GIBCOBRL)£^trMEM (serum free)T*37°C 5%C0 2 ^>afa.^-*- 
■C3BBJStl/fco 

j& * {± # b , 1500 x gx- 5 # ma Jb b , mm z m &> tz «, u & l tz 7 « * > 7 n y 
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^^^^©LLC-MK2/F7mtt^©^)iSll^t-^tT^FSa^^^l3^ 

su *s3ftfcFfiac«fcam«*tt#«*3*i-i\ F«a*a«fiH±^ 

h* (pCAG/SeV-HN) § f7>X7x^>a>U h 'J7>> >£^ifMEMT- 3 S 
W&BM^C>WiM%%k (Hematoadsorpt ion assay; Had assey) "CfltSSLfc (121 4 

) 0 tttt>%. igmmmiz 1 h y^jfo** : iii-/dish*m^ 4*c-eio^n# 

-«^^^M©FMa©^iCct?)^^;i/7 > c7)^iig£{;^b^ipofco "7 

£ >y -f C^tTS V 7 b > (psoralen) ^DT-ftM^^Oong-waveUV 

) -ccjai (PLwuvjas) 7£^-T^;i'*®&§*tSft£&iS£-e\ T7fg 

SiStt#»fct>&V^fc#«££ftT^3 (Tsung£>, JVirol 70,165-171, 1996 

) 0 * cits ccPLWuvsaabfe^^^-r^-f (PLWUv-vacT7) zmuxtj 
)\,z(DnMmzufrtzomft®m%mm\tA5y * h;^rts*#8i*nfe uv 

Stratakinker 2400 (**d^#^ 400676 (100V), 3. h7^S?->tt, LaJolla, 
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ca, usa) zm^tco ztDfam, ummzm^tzF%mn&frt>?Wi&e>mmi±m 

mZtltz&OXD.Z OPLWUV-VacT7T- ftffim b tz M© 1 ysate £ ^ - 

mbx bava.ccDft&T'city ? is-y&^zvimitT, ^;w^-*ffl»fre>©F 
< f ^sev o j conm^^m^> 

F^Jlgtf&tenhanced green fluorescent protein(EGFP) aHSi^b^— # — 
h It 6n^-;H3^o-C«Xbfe±l3 pSeV187AF-GFP £T1E©<£ -5 (3 tt 
LLC-MK2i$IK t«7>77i^>3> LTGFP©$gJI£f^ L feo d ©B|RNPff25£};: 
^5^^fi£5^T-$)^s 3o©^-i';i/^S*5S^^NPs P^ L©*^^^^ 

LLC-MK2 «£5xl0 6 cells/dish 100mm ^ r V MH8i^ 24^^i§#^. V 
7l/>J:l«fiW (365nm) T* 20«IL. T7 RNA* D / 7 — \z%$&mt 
£ U 3 > h*±> h 7 ^^-T^-T^X (Fuerst, T.R. et al., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126 (1986)) 1 B#^!§&£-e-£ (moi=2) (moi=2~3 

N #aUinoi=2#m^n3)«, HBB§£3[5]&&L-Tfr?>^;^ K P SeV18V 
A F-GFP, pGEM/NP, pGEM/P, Sl>*pGEM/L(Kato, A. et al., Genes cells 1, 
569-579 (1996)) Z?ti?tll2jug, 4/ig, Zug, RJJi/ig /dish ©Mitt* 
OptiMEM(GIBCO)i;^SUx SuperFect transfection reagent(l/ig DNA/5/zl © 
SuperFect, QIAGEN)£AftTS£ U MtflO #HM&> *»tt£3XFBS£^ 
t?0ptiMEM3ilCAfU Wt»tttg#bfco pSeV18VAF-GFP ©ttfrtHCtt 
SHfc ltS4SSeVv-V AcDNA (pSeV(+)) (Kato, A. et al., Genes cells 1, 
569-579 (1996)) £ffl^T|H|*i©fl^£firofc 0 3B^i3#^ «£n 
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££fcl^MEM i> h^>/?-D-77hV7^y is F40//g/ml (AraC 

, Sigma), h U7-^>7.5^g/ml (GIBCO) ^^tfMEMf70^ig# Ufc 0 en?)© 

r£0ptiMEM M$L£ (10 7 cells/ il ) Q ffifcWMZZ 
[UlSi t> bTlipofection reagent DOSPER (Boehringer mannheim) t ( 

10 6 cells/25/zl DOSPER) ^T-15#SmL£gL FIS3ILLC-MK2/F7 M»£ h 
>^7x^>3> (10 6 cells /well 12-well-plate) U M£^£&^MEM (40 
Mg/ml AraC, 7.5^/11 h U 7^>>£^tr )T-ig§tb£ 0 

^A^JfELfc (0 6)o 
±I3CDJ;9(C LTFmV AcDNAT-M^^fifc^^^RNP^ F^S^^ 

Zfrltm^tzo m&LtzkolZ&mmwZBf&ZtiZ&i* (pSeV187AF-GFP, 
pGEM/NP, pGEM/P, £tfpGEM/L£|5|B|(;: h7>^7x^ hfSlfeff) 

(pSeV187AF-GFP, pGEM/NP©2H©7*7 7. 5. F©^Sf7>X7i^ h 

ft <b ©«t3 £ 3GFPSg5liiiBa©£# t> T- ;u*)»©^J$£illl b fc 0 * © 

jgHx ^fi«jRNPA s s«i^^ftfc^©7^^-h§fflv\ mmmm^mxLtz 
mizcDfoGNmmMfavfc&bft^zfttz (nm, £<b£, r^-^rvfe-r 
£&^t£k is]«i©^-e©^-^7-^©«^m^$ftfeo cne>©^^e> 

, F*« ^;vxy;Afr^ ft fc«&ttRNP#F$&8iHBilS liI#©F* W * JC 
igSLtif * ©JBIfttt F £ U * > ©#£& \XT®m&K «fc D $ ft fc 0 F 
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#M r> Jl/X©*^ ^-&0.5xl0 7 ~lxl0 7 CIU/ml-©ltHCfeofeo 
E30MA4] F^5fea!GFP»3H <Z)«Wf 

t&k±M*<Ot?4 ^afcEURU total RNA£$f±SUT^ FhHN^ra-^tl bt 

HN5t^«ai^nfcA s Fjtew^ai$nt\F^fi^^^^;v^^v a±c# 

£L&V^fc#«&frfcfcofc(iaiO)o£e> URT-PCRt «fc *) GFP©31fc WcDNA 
©*»©&fcH*©F©fcfc^C#«r*£i: (01 IK fl&©5H£?© 
«£l±5£S h|HIi|-?:$)^<I^^5S^t^oU±©^^* i ^^'1 , 
/rVA©Mfi£J±je§TV^v^i:is^$tifco EUKSftfcFfcfc'M ;u 

^^^©FfcHNCSraWCSJKtS^O'f h'*££IgG(antiF,antiHN)£ 
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<Total RNA©«i£i, J -if >7'n y M»*f x £ £ RT-PCR> 

F*a<BJBLLC-MK2/F7t>>-f ;i/^*«iLT 3 S i©i£«±?*fr£QIAamp Viral 
RNAiini kit(QIAGEN)£fflV\ ^©7d r ft ^ total RNA©}ftHj&fT o£ 

o StSlbfctotal RNA (5//g ) S^A7;Pft K*£tf 1 %££7i3u-Z7 
MzZfaW}frM.LXfrt>, ;^i-A7o>;rO^I (Amersham Pharmacia 
tt)£ffl^Hybond-N+^ > 7^ >iz h ? >77 r bfcofftsfcbfc^ >7*5 >t±0.05M 
©NaOHTrll^U 2{&#f?bfcSSC»lr8[ (Nacalai tesque) ~Ctt^1z'&, /W 
-/i; ^ ^-oy 3 > ^ (Boehringrer Mannheim) t30#|fl!7*t'A>r 7*1) -B 
— >3>£frofc 0 (DIG) -dUTP(7VI/# 

^7*7^ ADNAfil$&(DIG DNA Labeling Kit, Boehringer mannheim)t«t Oft* 
fi£tfcF$)2>V>(iHN3ie : ?CD7'D-7 p ^^inUTl6^>'N'f 
^©&, ^>/7>^^Lt^ 7;i/£ U 7 *7 7 *7-^}II£^DIGJn;ft 
(anti-digoxigenin-AP)^SJ&£i*\ DIG ditection kitfcffl^TflHffbfco ^© 
F SSMIBSfr 5, IsJJR^ ixfc •> << n> 7 ttHNafe^litfeW $ titz ifi F 

0)o 

^ e>tRT-PCRH«t 0B«&j!l«f*ff ofeo RT-PCR&ifftK bfc'W ;i/7RNA£: 
SUPERSCRIPTII Preamplification System(Gibco BRL)£JBl\ fOT'o h=i— ;i/ 
tffc^first strand cDNA ££fi£U LA PCR kit (TAKARA ver2.1)£ffi^T&© 
^^fttPCR^oL 94"C/3#£{&gL 94 o C/45#,55°C/45#,72°C/90 
fj>* 1 it-f 7;i^ UT30 7;i/$:Ji*SbT72 o CT-10OTIlt> 2%7#n-7 
^;i/^100v/30#*&&ifrbTx^<7A7*OT'f K&feU ji^Ufcottil^ 
i: F&fcSffifcU* A UfcEGFP©*Btffl^fc7*7>f forward 1 :5'- 

atcagagacctgcgacaatgc (iB^J« : 8 ) , reverse 1 : 5' -aagtcgtgctgcttcatgtgg 
(|E?iJ#-t: 9), F^£MC^AbfcEGFP£HNM£^©5£ECffl^£7*^ 
liforward2 : 5' -acaaccactacctgagcacccagtc (JBM&^ : 1 0) , reverse 2 
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: 5' -gcctaacacatccagagatcg (IB?'J#-t : 1 1 )> £&£ N M*I£^£:HNji£^ 
£GDKIl±forward3: 5' -acattcatgagtcagctcgc (BE?0#^ : 12) hreverse27' 
7^7- (IE?'J§^: 1 1) tfofc, *©«g*x aFPCDjtfi^ficDNACfllSlCIR 
^H*©FO^»ttH#lE"r5^i: (El 1 IK flfeOSfe^ ©*ail±S^ 

mtmm-?:&z>zt*mmLtz (hi 3). j-uociifr^^i^swf^" 

lX10 9 HAU/mlt^?.J:-5^10fg#iKUfePBStS^b> 

>*^tfPBSC«fc D15^@^M^s 0.1%BSA££trPBSfc&-e30#iiJl!L3& b 
, ^fetBStttZOOf&^HRl/fcJrtl*^ ^n^-Mrift (f236K SfcfcfcjWE; 
*n-:Hl/Ut# (Miura, N. et al., Exp. Cell Res. (1982) 141: 409-420) £ 
»TbT#fi#«T?60#IH£J6£*fco * h£PBStifci*bT, 200{g 

#R t fe&n n >f K«R«taT £ * IgGfitft^SST bT M b < «fitt»T60^BBfi 

h o±iz4%comm^^ - 1? ^m-c2frm%k& use«* * & ±> jem-i2ooexi i s 

{c^V*;^«:RNP^I!3S^:^>'W^tSI*3i&*tT^^fc (01 4) 0 

[H»J 5 ] F^&SSeV^£ £ -c J: 5 in vitro^O^^I^W^O^^ 

<7 y h^B|jSK*Mi«IIIS©«!I^**»»^©*X> 
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o &SI18BSD7 v h (SPF/VAF Crj: CD, If, 332g,~9 9 Charles River)£^x 

(5%->vjfii?ii:5%?^jfil?is 10%DMSO£^ir) DMEMfcgU ^7-f7U 
*fi#Sll/fc^W (l.SU.^X^ >0.2mg, ^>M7;i/7*^ >0.2mg 

N 401/3 -*5mgs DNaseO.lmg/nil) ££a;L, 32 0 CT- 5 ^SHgTO^LT15^ 

e L T # « £ « 6 1 ft § £ T- K -f > 7 * K t> £ L fe o32 tt C iZ X 1200rpm 
5#lfflj&tol/fe&Nflllll&&B27 supplement^] bfcneural basal medium (GibcoBRL, 
Burlington, Ontario, Canada )tc:B it 1^ # V -d- D ^ >(Becton Dickinson 
Labware, Bedford, MA, U.S.A. ) T* n - 5^ > ^* ^ tl f; 7 1/ - h ± t 
Ixl0 5 cells/dish3§#, 37°C, 5 %C0 2 Tig#£ftofco 
?®*Hftiaift««ttfi«B 5xl0 5 /well£ 5 BH3t£*gL F&fcHSeV'*** 
(moi=5K $ 3 BIHig* Lfco 1% ^7*M7/l/ftK 5 
% -^jfitfH, 0.5% Triton-X&^tr@£$rc5#IH£S"r@£U BlockAce(S 

w?m)fr^s2i^iarD ^^>^*UT5oofg{i#^^tife-v^m^ v v 

microtubule-associated protein 2 (MAP-2) (Boerhinger) IgGh Igjfi'f 1 BtFai 
-f a^— >3 > UfcoPBS(-)-C 1 5Am\Z3®VtiMks ^M/PBST'100 

£>£PBS(-)T- 1 5t>§(c 3 llifc&gK IfflB&flVectashield mounting medium 
(Vector Laboratories, Burlingame, U.S.A.)£Snx.^ ft^j&SSSfcH (Nippon 
Bio-Rad MRC 1024, Japan) T* 470-500-nm ttzlt 510-550-nm ©excitation 
band-pass filter fcttttfc Nikon Diaphot 300 ®MmM"eWiS-2<?>%.&Wi&t 

m<D&ytiz£z>2mm&<DMytmm*ft-3tzo zo^m, map2 



WO 00/70055 



PCT/JPOO/03194 



-40- 

XfAX) tt*B*«**5>l*AU SFM CS-CJgife* <y h (t/Vv^rAX) f 

ESt h¥rtMflS (015, Muscle), lESt hfF« (015, Liver), IE 
St bflifi€^MftJM® (H 1 5 , Lung)H©t rMtt^F^fc^SeV-^* 
-*m%kbZ (m.o.i=5)s GFPBSi4IS*bfco ^frCttC^T &JJ&100 
%©^A^T*&£ftGFP}t£^51£ bT^3 Cfc#fllR£il& (HI 5) 0 

x"^7Xl0ft#li«^U>^^x'-*-T*^mbT, F^£SSeV^ 
*-£^&£«fll*£ ; fTo fc e £1\ C57BL x">7. (m^M) l;:150mg/kg \Z 
ft^cfco^S-fluorouracil (5-FU,Wako Pure Chemical Industries) 
M(IP injection) U&^2 B^s7^Bl#ct t) #MBS^[lliR tfeo Lympholyte-M 
(Cedarlane)£ffi^fc^g£Jiaji<ktI £ oT#M!&£#St bfco 3xl0 6 (D^&M 
B&MU Ktf^>;»l^ftfciaCD45R (B220), }riLy6G (Gr-1), ftLy-76 (TER- 
119), fitl (Thyl.2), m&c-lZ&£Z-£kXhU7h7VV>mn.V--Z (77 
-^^^>tt, 7±m^>1±) ©^£bfc&©£3xl0 7 ^JD^4°CHT 1 Bf ^SfS 
15iaD, Lin'©i|fflJ®£im^cM£Mb£ (Lin* 8BB&) (Erlich, S. 
et al., Blood 1999. 93 (1), 80-86) o Lin M4xl0 5 «(;:*tU 2xl0 7 HAU/ml 
©SeV Zmz., JlgU^y rSCF (lOOng/ml, BRL), 311 t h IL-6 

(100U/ml)^iax.fcc ££8xl0 5 © h -9 ;i/ # it iS« £ ft It F^»SeV 
4xl0 7 HAU/mK lxl0 6 ©|iffli!§£*f b5xl0 7 HAU/ml©GFP-SeV£ira;?.£o GFP-SeV 
W\ SeVfe^Jx - y h pUC 1 8/T7HVJRZ . DNA( + 1 8 ) ( Genes Ce 1 1 s , 1 996 , 1 : 569-579 ) (DU 

^^ll^(Rl)^^(R2)^^^^^^a(IG)iS^^^DL>^NotI»fM-^PCRCl 
«fc*)Jili£i*\ iAl«lto »©£&( Genes Cells, 1996,1: 569-579 )iZ 
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fj\\ S $)<Z>MB?*<a ts f? 4 fr* & @iR bfco GFP-SeV£{§& LT48B#F^ig# t 
fc^ «£-£ft^ft2S¥£#t:K -ottt? 3x »J * V > (phycoerythrin 
) (PE) *WK$t;-CD117 (c-kit, Phariingen)£ 1 B#IHEJS3"£n -5 -SttttJGS 
fctfco 3@PBS£Tifc&Lfc&s ^D-iM h (EPICS Elite ESP; Coulter, 
Miami, FL)tZ «t ZMffiZft^tzo 
Z<D&%s M©primitive^l!SOV-*-T*$>?>titc-kiti5t^T-3i> D ^ 

hi 6)o £#±«*©»£fe^©iiisi±> HBfla^#±?f^ h u 7-^>fiii 

5?>.y MF334/DU Crj, 6 il^ JUL Charles RiveiOfc^SftJfi* (*«8i&) 
t:10^#^Lfc(5mg/ml)^>^-;U^h 'J «i7A$gi£ (*W«*r) £)&&F*9 
aWC«tD«»U /MJjM«&1^» (DAVID KOPFtt) Zm^XtJKZ 
©&#£frofc 0 g#Mliinteraural linej; D 7V 7 ~? (bregma) ^5.2mm^ 

££^2.0miik flgSBi t> 2.4mm 30G ©£&fr(Hamilton#) 

T*20£d (10 8 CIU) SAU:. T 5 fcWg©±#«K:GFP©^f53SiHB*3i , l 
7)o^?.(:, F*£SSeV^*-T*t£&tirM©Jia©^;^#^ 

boi)±^w^feti#MBSt-tMFP^>^^»©^^ii^^n-rsc:n^ 
, m <Mfc Mu ^ Jl^©Mll^©v^rnt^5v^■r^,^^pjTB^ls 
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<1> 

F^^mLC-MK2SflflS*«tU r F^^LLC-MK2SlSa(LC-MK2/F7)(3F^J|SeV^^;i/^ 

©HA assay©*£H£*b£ (il8A) 0 Cft^ig^a^ti^ft^W^iPK 
iiL, 2BJ£*#©»©^<$©HA assay©^fl£^Lfc(01 8B) Q 
±g|5© rcj tt#J|R8i:U'tJB^fcPBS**fcTo Dilution (#fO (DWl¥\±^4 
)V*m<Dft%lfe&*mt>to ^W^p-eHA^ftT-fe^feW^dane 11 

lane 12) ^^WMHW^LTl$*2B^©^ra©HAassay^^ofe 

<2> 

SSeVfr^QIAamp viral RNA mini kit(QIAGEN)£ «t DUMbfc total RNA&F3H5 
1- tMMfcl L %y°n-7t LXm^X;-*f>7n y=f<t yV^fj^tzo ZCDfe 

sts^ ^t(±F^«©^#±^»©'>^;^xfi*©RNA©v^1 i n*HN^te 
^©■7*d-^t-^*> h-#t&aj£ftfc#, FatgiF©7-D-^-r'^*>K^aj^n 

&frofc(Ell 0) o COHA^ttT-^S^^V^HIiF^a^V A£&oTU3 

U * > © x > ^ o - 3 n ^ K *lfS L feHNg a £ f8»-f 6 J/ift-t- {i&Jfc U 

^o-f KtIfitfcFgS^Mt^mi*:-r-liS^L^^ofc(E12 0) o d 
© C h&F-less© t' 'J *>©#££* l_^FH6#& < X fcHN^fiSMTt* ^ 
# t* 'J * > t LXm&£ ft 5 £ t ifiWW t fco F^4T"SeVt* U ^ > # § 
C^i±1-T-£^£ft£0 (Leyer, S.et al., J Gen.Virol 79, 683-687 (1998) 



WO 00/70055 



PCT/JPOO/03194 



-43- 

) s 4- 13 ©*£ * fiHN^ 6 JNb 13 SeV If V * > * ff^T* S £ £ £ #*D J6T HJ3 & h 

SeV F^jfRNP £ S tr f U * > £ 7CM (3 £jWT* § 3 C £ 5% t T V ^ 5 „ 
<3> 

7-A(D0SPER,Boehringer mannheim)£:$I£L-Cx SST? 15&HK > * a ^— 
a > Lt Fil* i:^ WBSC h 7 >^ 7 1 ^ >> a > lf;o *©IS*x 

* - * * i; # v - a t & v ^m&&± < GT?mmmm^mm <* n & o & © 

CWUAft- 1 ^ U4^V-A^^Lfc^iiGFP©^Wv^t ^ ^^©IIBfiS(343 

^T^ssf^n&o F*»aiifi-ei4GFPi4J|i«uaTM6aUx k«cis#£>&^ 
(02 Do i®:^^ »w»we-awcJi«$nfc««!tt©ft 

[H»J 8 ] FHN^SSeV^ J h i? h *? 1 )IX ©B*I»S X t>*i^*S 
<FHN&»$V AcDNA©^> 

FHN^&MSeV>rV AcDNA (pSeV18VAFHH) ©*§^li£ ^pUClS/KS^EcoRIT*^ 
ftLTpUC18/Eco£«flUF3t£?©ll&:3 K^iP&HHjte^ ©»±n h*>£T* 
©IH©±E5yS(4866-8419) BsivI&ffi(cgtacg)-e*gUJISSLfco 
FHN*SS(4©E£J£$'-^>*^feBbfc&s EcoRl7^7V>h (4057bp) £ 
^>A>£@i&bTpUC18/KS©EcoRl7 7^ > h i:lt*iM.T*lftUfco <I©FHN 
^S^ii$:^tfKpnI/Sphl7 7 7*^ > h (14673bp)&7;HUK It pSeV18 + © 
KpnI/Sphl777^>h^B£&;L, 7-77^ h* P SeV18VAFHN tmZtitco 

-7^ GFP£*AL£FHN^«SeV cDHA©*ISHi}K©«fc$£fTo&o pSeV18VA 
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FHN *6>SalI/Xhol7 7^ / > h (7842bp)£[I]J& LTpGEMllZ(Promega)H 7 n n 
->^Ur77^ KpGEMllZ/SXdFHHfc tfc»FHN^»ttHd2EGFP (Clontech) © 
ATG-TAA (846 bp) ©HJBCBsiwISPffi&ftifll tfePCRMtJ^BsiwI^'r-^'fb LT 
N pGEMHZ/SXdFHN©FHN^aaJ(fi[©BsiiriaJfi[tiifebfeo ftt>tltz77*X Kl± 
pSeV18VAFHN-d2GFP tLf:. 

<fhn^»m a rt»a«ua©f^jsE> 

fc*©fcB-©*»©^ Mfi^saa-ra^xs Htt^n^BtHft^-e*! 

^UHN©0RF£^tr7-7 7*/ > h£pCALNdlw(Arai£,liuI3)©3---7ftSwaI SB 
MXL, 7*77^ KpCALNdLw/HNi: Lfeo 

LLC-MK2IB8S \Z pCALNdLw/F pCALNdLw/HN § fs) * £ l± m & S * Jt T* t * 
mammal i an transfection kit (Stratagene) Sffl^?07D h n-Mlfto-CaS 
fc^Afefrofco G418T'3M^MiRtfe^^n^->^bfc 0 £>ftfc»» 
tt?n->{£^ft-eftCre DNA l/3> tt-t'^ W5I^7r^ 0^ 
(Ade/Cre) f&13) (moi=10), FiiHN^S 3 H&Sfl 

IS*PBS(-)t 3 HAUTEUR U OxX^>7n >^$6£JB^TirtSeVF 
h^SeV HNSaS© ; E>'^D-^HgGt«t DtftfflUfe(BI2 2 )„ 
<pGEM/FHN©^^> 

pCALNdLw/Fi:pCALNdLw/HN^«ISIt3ffl^fcFfcHN77^^ > &*n*ftpGEH4Z 
s PGEM3Z (Promegatt) C^D-->^U pGEM4Z/F pGEM3Z/HN imtz 0 pGEM3Z/HN 

£@jRUpGEM4Z/F©F££ : PT$t©SacI:i--7-tf-'f h TM2J*r U¥JIIKb UfcWffi 
<FHN*ii«7f ;i/7©ffjfi^> 
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m&m?7 4 frzanmm (po) tt-aacfT-sfc. -o(±f^s^^;ux©s 

Itm^Mmm^mm^n-otzo FHN^«lGFP|g3ISeV cDNA ( P SeV187AFHN-d2GFP 
) , pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN£-£ft^;fU 12/zg/lOcmdish, 4Adg/10cm 
dish, 2/zg/10cm dish, 4/zg/10cm dish, 4/zg/10cm dish©ftJtT?S"&U (SH 
gft, 3ml/10cmdish), ilxE UfcFfcJHSeV©#HHftfc R*&£$reiI£-MK2»fiC 
Igmifeo afi?#X3«FlB!««**AraC(4a/ig/il, SIGMA), hU^>> 
(7.5,ug/nil,GIBC0)At)©MEMl;£&U £ 3 BIHJg#bfco 3HS^#X^2 
BiTfffi**#BHWi*Cil*tx P GEM/FHN©«©£4£©ii^£1&IiEU GFP&SI 
*JB©l£*«D-e«>'f;^©^J«*WBbfeo ffHt^BffcpGEM/FHNfc^ 

^Stt^^^UfflBS-Ct^S^^ii&iPofc (@23)o FHH«Sfl«»«Ft:*3&0 

x f? is 3 >©^iiF^» i: H«CPl©FHH»Rlifi*C 4 ;V^©@iR CjfcSb Lfe 
(02 4±)o 

Ade/Cre^^UT6^^^t3FHNMfi^Sl^^^nfemtFHN^a'>^ 

jizmzmrnvM^tf-zztzztzmmLtz (02 4T)o 

FHN £ ft GFP * * 31 1 5 cDNA £ IS ffi $ $ ft £ 4 ^ * $ & LLC-MK2 , LLC- 
MK2/F, LLC-MK2/HN, LLC-MK2/FHNiZ«UT h U 7*i/>©»©W»-etg«bfe 

o t*m3Bm^Nm&%mnu®£i?*izwmLtztz5, llc-mk2/fhnt-©#- 

#ft£tgii£ft£;:£#iiE£ftfc(EI2 5) Q 
FHN^S^-f 7 ^ A SfcB-f S fc&s LLC-MK2/FMBS2P £ lUK£*lfcJg*- 
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±?t*j&foLtz'&, QIAamp Viral RNA mini kit (QIAGEN)"?:-?-©7*o hn-MC 
fe-z>ZMh$&lti%:ff -otzo Z ©RNA£ Superscript Preamplification System for 
first Strand Synthesis (GIBCO BRL)C=fc t>RT-PCR©x >7l/- r-£j*£frV\ 
TAKARA Z-Taq(^ffiji) *ffl^TPCRfcff -afeo aJB»liFfc»*>f ;V*fc/S^fc 
oPCRT^^-li M»fe?J:GFP»fc?©ja#£t>-i*\ £ fclilfil&Ffc L«fe^ 
©ffi^l|-fr1t£^T^fc(M«£^GFP«e^©ffifr£fri± (M-GFP) ICOI^ 
forward: 5' -atcagagacctgcgacaatgc/ IE £0 It : 1 3, reverse: 5'- 
aagtcgtgctgcttcatgtgg/E*IM : 1 4; mfc^t L3t£^©*ft#£b* (M- 
L)tloiN"t(£ forward: S'-gaaaaacttagggataaagtccc/iK^'JiMj : 1 5, reverse: 
5' -gttatctccgggatggtgc/K?'J#^ : 16) c Mi:GFP3tfc : P*r7>f 

^m^.nfco ntm^^r^-i -?-izm^tzmG\z, mim\t^^/vis. 

(H26)o 

tg#±?f &I1JRU LLC-MK2, LLC-MK2/F, LLC-MK2/FHN^O*»!lUI*ff ofeo * 

i:#-rr*C«££ft (Kato, A. et al., Genes cells 1, 569-579 (1996)), ffFH 
i:^57i/7niifi'jt7^-(ASG-R)^^bt§Tffl(:^[:MT-#§ 
ZttmSZtitz (Spiegel £>J. Virol 72, 5296-5302, 1998) 0 ftoTx FHN^ii 
RNA^V A^^^l/^x^D-yiiFIficra^tlfet'Jt^ F 

zmgtLfz F*3B«IJS©«il±?f*lalJRLx ait»Ufeft±l3ffl*fei:H*t:RNA 
«dJ*frV\ SuxEtfc^Si:|5ia™-PCRT*^tftfeo ^©*£H, 
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F«a«a«B<p&»m*nfeKy^>&*f-*-y^ u#v-i» (50 

1 ©DOSPER/500^ l/wel l ) t W«T?FBM«a«Ma £ fe t±^«3BLLC-MK2IBI 

IfiKimjitfco *©1BJIn f3aBLfcF-less& : P©»<&2:lRl»s DOSPER^S^UT 

isscii Lfca^tjiGFP^samiaofeA* t> HN-iess©k*u * > 

AST- ttGFP^^aUS**^ £ tl tz ifi.V 4 #H JfcfiK£ ti&ft-ztzCLh W&tb h 

Z<D& o ttX9fflUmp> EUR 3 ft* *?4 ;i^t£&?#ASG-R3H£^ 
rs«B*^*«3H«B^ SfettJfflBfiCMLTiBffeU Spiegel £©£&-£* 

[H»J9] fcH^V ARNA^;i^^*-©]ftfflt4 

1 . ± a^fcfc-CJtd* ftfcF&JiRNP(£F-less© ^Mi>^D-7i:§t 

snu sfett*e^*xKJi^e^tt©«fc , 5ft*©'e*itet:#xb-r (rnp h 7 

>77i^a>, RNP-f >yi^>a >)> ^©*I#&;UM>rVA#^ 

A«T"iOT{3RNAmM^fc(iMe^^Mt^lt5 3h#RrtgT'fe^ 0 

2. HN©aiJ6rt >48U «^KpW>£^©l^7-*-£^JIft£li 

sfe, c0»*»i«a©4m«fi-c^^^-*ii»TOTf*s o cft^©^ 

3. FHNh*)^«tSSeV^-i';i/^©S^lC«bfcc:^^^, GFPit£^©ftfc> 



WO 00/70055 



PCT7JPO0/O3194 



-48- 

4. Zti^tC, Hr>^^-j7^;^0 5-yyA s NP,P,Li:Fii£?T"*fflB§t3|a|B# 

cmfc^m x l x x - vj k % s tf e jms nfc e u * > $ n 

(Leyer<b,J Gen. Virol 79,683-687, 1998) T^XOfilfil^l^-r ;u^^-b 

>^-fF»ei?'>i-KflsUfe^^-t»«e$ilTV^S(Spiegelt>J. Virol 72, 
5296-5302, 1998) 0 FgfiW# h U 7*2/ >"CH«$nfc*ASG-E^b Tiff 

ttWBCttJIfi&fc:'*-? ?f 0^§5!:i§$nTl>5 (Bitzer<=> 
J.Virol. 71, 5481-5486, 1997) e «©«®03Rtt-a«I&tt : P»J«3R*C* & 

^«^iJBtl/*»e^*x*c*&v^^cif0Bl*0H«*^^litTv^*o *^bk-hi 

JfcSftj^ FHN±t^SeV^-r;UX^V FlfiO^x^D-na^ 
0] FHN^»SeVyyA*5>^'f;i/^0||«ISI*J:tFJtB 

tiaDSiMlrot^^^ T75t?y^5— tf« 
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^J£LTU7T>£ , v>£ffl^-r^3/!^ 1N&h<D3h (Kato, A. et al., Genes 
cells 1, 569-579 (1996)) t'ti, U 7 7 > K v >©&*»Hx AraC&afefr bTffl^ 

(ilxl0 5 W«t#«^^n.fe^^^X^M^^^nWTt^^^*T% H 

©fJMzMSt-TriKRNA^ y t:>^»**)g^©Sai:bT3- K bT&tK 
^©^^x^BSHT*T77 , n^-^-lli!3fe¥^nfcBNA^^^^t>^b-r$ 

7 ^7 J )IX ^Psoralen-Long-Wave-UVST'^S-T SCilUctDx^^^-T^'l'^ 
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©&£ £ 5 1>4 )VZ<D^%ifc<D&9&WHZ& hbftZ>t%z.t>ti2> {Tsung, K. 
et ah, J Virol 70,165-171 (1996)) 0 

Zt%ZZo V7-1/>TO (UV)©*£fcl*U 7^ 

v-T7^;u7.©^tS{b©^^^MLfco 

7°7-^ffMt c tS7^>'-T7^;i//;©^^^-©^^s T77-o^-^ 
— $IBTpGEM-luci7*7 X 5. h\-fe 7>f 5. A t £3T7#D * 7- 
-t?S£©»£C «fc o TfT o fc o -b > *W 7 -T * * 5. -V; A t J: ST7* >J / 5 - 
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P x Lga*«atSp6EM/NP,pGEM/P,pGEM/L7*7^^ F 
UV^-^T-fis V7b>©*«KS&bT7*S'^7 , '^;i'*©*'f 

M^m^fifco i*u n*y^7-4ftstttt, V7i/>i« 0.3, i# 

g/il£l±&fc£JH*t\ 10/zg/mlT'tt 10#©1 gJgta^fC^feo (02 8) 

o 

V7l/>«ft40.3A£g/ilCH^U *ft^imiH*fcttbfco«tt* 

T-©,TOT*(iT7^U^7-^tS^©^SIil.^n^iPofce £©fc£s 0.3^ 
g/mK 3 0 7>MM©^T'iis T7#'J*7-*fitt£IB«4*.1\ 
^^•©HCStr^^-frSC^^T-tfeo (02 9) 

Slia©*^ *-C&*LTmoi=2 (M&©^#* -f *--Cmoi=0.002) -C«*b 
fc 2: § ©24B#HI&©CPEl^ *J&3© t'OVX *ioi=2-e«Sfi!$ * fc # ©^ft i: 
%t>htefr-otz (I30)o 

c©^rc-#LSb£7^>-7^^£^^ -fe>^*^ »M ;v*#8lfi£©® 

ofco 6nell©v-f ^D71/- ^^;LLC-MK2$fflSS^3xl0 5 |fflfla/well-ei[#^ « 
igU bfcfc* PLWOWIhu©* A *-g||tT*6xl0 5 pfu/lOO//l t%. % & *> 1 7 £ */ 

AilOOPTI-MEMCr^yU F\ pGEM-NP, P, U * bTcDNA£*ft*ftl, 0.5, 1 
, AugZmXtzb®^ Superfect (QIAGEN) Mt? 1 5#$Bb 

111 ©0PTI-MEM (GIBC0) (Rif. AraCfcSt?) SMIStcMbfco 
h 7 >77i^i/3>i2, 3s 4Bi£i!I&£[H]iKbs 300^1/well 
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# 1 * §3imio s i ©ssimwi;:##iR 4 fl-r^ea t fc cixio 5 , lxios ixio 3 « 
**n*n»a)o3 0ift»w*»&s**iiJRUHAtt»cj:i)^^^saj«©* 
(a Do lxi^aBia^gatfeaisc^^s HArStt#$>ofc»^- 

jSL 10 4 T*!£+^ 10 3 T-{iS^i:^^T^ SfltJ56©Sft* (Reconstitute Score) 
&##>fc (03 1). ftHiS&S 1 ©» *) o 



a 1 ^^^-T^'f^OOVffliSI^BBC-feV^'^ £4;p*HfcfiJBft*fc#1'5 
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9 4 )l* <D$ 4 $ — tz t Z 6, h7>77x^>>a >iHc4x. fc 9 4 9 — 
tttflILT, jaSfctfe <&oTOfc (0 3 2) O 
^Sz-T*'^;** plwuvt- ^rSft t S £ H J: t) ^ T7# U * 7 — if Mtt c tt 

^T^-<;i/Xfi*©CPE(i, H^II^T'^M©, 1000{£©^*-£&otM 

(H3 D.gi^Cx h7>^7x^>>3>^n^ofcy^^-T'i7-f 

5pfu/10 5 cellsW±Ttt**»o&o ifSqJfg&^^-T^ 

^®sg{io.oo5%^Ttffli^ e>nfc 0 
<i> vsv-g *e^s»*B**3H-rs^-n/^-jiiJS©frai 

VSV-G Mfc?m®&MMmm&*%L-C^Z>tz8). Cre U n > tf^— tft J: D 
m-G&&?mto&n&%M$ftZ&5Wlft$titz7 : 7X $ KpCALNdLG(Arai T. 
h J. Virology 72 (1998) plll5-1121) LLC-MK2 «^©^^#A^© 

ftttJ^ffofco LLC-MK2 IMS'^©^** YOMWts U >^ft ;i^> £ k& ( 
CalPhosTMMammalianTransfectionKi^ ?o — >-r y 7ftK) SSftv— 

IOciT*!/- r£fflv\ 60%3>7;i/x> b£-C£WLfc LLC-MK2 UBIiSfclO # 
g©7?^^ b* pCALNdLG *m\'&s 10 il © MEM-FCS105S tgifelc Xs 37°C© 5 % 

co 2 4 >*3.s<-f>-<pT*2m?3%mLtzo zimmmzmmzMtfL, 10 mi© 

10 cm 5&£ffi^ 5 ml 1 tfe. 2 ml 2#> 0.5 ml 2#£ 

G418(GIBC0-BRLtt») 1200 ^g/ml^^tfl0 ml © MEM-FCS105P3ifetJS* 



WO 00/70055 



PCT/JPOO/03194 



-54- 

fiitzo R«#fc:J:t)41IU"C*fce418fc:Btt*^"rfflfi^ 7o-->7*'J> 
y*m^~C2 8&£H]J&Lfco &7n->f±io cm rv-bX'Zjyyjv^y hiz 

— Cre U 3 > t? &£tf 7r ; 0 )iz 

AxCANCre&fi$^ ft VSVHi^y *n-^;i/jfi#£ffil^ VSV-G©»S*WT 

#?p — >{i 6 cm i/t-H:t, n >7;i/x> r ^T-^W^fc^ 7fy 
r>-T AxCANCre£]f USB) t«tO MDI=10"C«*&n 3BP^« 

Ufc. R«MSi4«*±?ll&«lt)l»^fc«x PBS»««-e8fcit>U 0.05% h>J7*> 
0.02% EDTA(x^l/>^7 7 ^>4ffK)4^trPBSg»* 0.5 ml£S[]*s 37 
*CU >*a.'<-\>tZ>Zt\Z&*)i/*-l'&!)Wi&Ltzo ^»(±3 ml 

PBSi»lf«^«B»^s 1,500 x gt5^»U «£*#>£ 0 »e>nfe«BIIBIi 

$ H2mi ?wm®mzng.mm'&. i , 500 x re 5 ammtoimt zztizz*) 

t'^. H&fcM&lOO //L © (RIPA ^^7 7- ^- U >#- 

vwWMtSO ££D**U R«BO^«eJI (1 l/->^feD lxl0 6 « 
) £ffl^T7x7*>7ay h^frofco M?g)M£SDS-*V7£ V;UT^ h* 
7;i/«^Mlffl1t>7VWW7 7- C6mM M)*-JIig (pH6.8), 2% SDS, 
10% yy-ku-fry 5% 2 - ^;^7hx^;-;^^ctMi) K*S# 

9 5 o c5frto®'&n%ik®mumiz&Ltzo Riw*sDS-^y7 , ^y;i/ 

7* 5. K^7> (T^W 10/20, SB— fb^ttjR) £fflV\ «t t) #11 L 

, #®£tifc^eft£-fe S 7*0 v h&H i t)£?il (Immobilon-P 

TransferMembranes, Millipore *±g) tfelbto 10 0% J - 

/UC2 0#, *£-B#IH»Lfcfc¥llJI*ffifflU lmA/cm^ig0|fft 
lBfP^frofco 
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SIE¥JR*«tU t l 0%:rny*>^igtt££trPBS8««-ei/l 0 0 OH 
#^bfcJri VSV-G ifift. (£D-> P4D4, v^*T#S0 5mltK--;W^y 

I£&¥SI£2g4 0 ml ©PBS-0. l%Tween2 0fc5#IHaatU ft 

KlEWScfcVl 0%7Dy*>7M££t?PBS*i»fcT-l/2 5 0 OH 
#R Lfc^-*^rS/^--if "CWa^nfctrtv tfT, I g Gjfift (anti- 
mouse immunoglobulin, Amersham 5 m 1 £ b*— — ;wt y PiZXti^ 
4 Lfc*. ^ST* 1 Wi^tfco 

jSM^s SKfJfiS 2IIP B S -0. 1 %Twe e n 2 0 C 5 ^S*Lx 
Lfc&s PBSMC5TOU ft&L£ 0 

(ECL Western blotting detection reagents, Amersham #M) HJ: 0 

3 H^-fo 3 ^ n->T% AxCANCre {SffeftHttfc VSV-G ©&3B#&ffl£*U VSV-G 

»e»nfe»iiaac©-»*LLCG-Lii:iifv, ^vsm^^-c^n-- »m h 

U-HWrSffofc (034), LLCG-LltBu VSV-G jt€^SI^^^ 

WHWtttflsfcORifetttftftffi^ii, VSV-G ^>/t^p«li:M^5 
ft fc<, 

F «£^£££Ufc^VA££tS-fe>^'M;i'X£ VSV-G31fi^Mfi§ 
x ±I3llMW;:§em©GFP*ifc^£^tfF ^S-fe>^"-<^>f;i/^*ffllr\ GFPit 
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fc?<D%mziBUizm^tzo %<Dfem> ere u^yb'^— tft^tfii^xT^ 

y-y-^UXAxCANCre £«L£^LLCG-Ll-e&, F *fcSHr>^>f t>4 frXOB 

focbtitzo f©±i©i/5i^^f>c, §rfc&vsv-G zMm%mz#tcMmz 

±?f & VSV-G $:SI«t^^LLCG-Ll|llia(wmJDbfel^H(i> jt£^/U££n6& 
©0, GFP^31lfflJia©iiSD(iEfee>n^^o^c ^X±.O^i^h, VSV-G ^Iffl 

<3> F ^{S^^&Lfc'yV A££1-£>^a.-h*^7 , -k>**-l'<M;i/X©jl 
££#©&§* 

VSV-G «£^©£6S&a©!£«£ll^S£#\ AxCANCre (MOI=0, 1. 

25, 2.5, 5, 1 0) £g;t, -£*©F^£^£^£Ufc^VA££ir?r> 

t>Mw-Gmmm, mm'&ommzmmmts 5B@©GFP©^stT^§m© 

tSf%lt^b^^^5, MOI=0 T-l£^;i^©m£#±<fS&£ft1\M0I=l0©3= 
#T-«*)^c:i:#fc>*>o£ (135)o M^JtO-i'^^m^M^^^fe 

8 Bg^T'M^«^T-§fc (@3 6)o $ 4 frXtim<Dm%.&> VSV-G H>fiiu© 

mj&tCs i oig"f^sre»t:#Rufe'>'f ;^«*«ftiu «&5b@©gfp© 
^liMi^itt^D^ ^-f^^ft^^ate^ojBfffta^FR (ciu) 

tzo ^©*SJ£, M^^;uxMifili 5 x 10 5 CIU/mlT-fe^fco 

<4> F Ife?«l^VA^It§yi - h**^ 7°-te>^ £-01/ 2 ©tit 
VSVtS«:t:J;5JB»tt©K* 
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vsv-g %mft*m^xnt>ntzf le^^^it^^A^tsya-^ 

^7°-b>^W >^;u>;fr\ ftfeilVSV-G * 6fr£MLT, tfEVSV 

ft£S£U ^Z'30frmm'&. VSV-G £f£#?g^LTU&^LLCG-Ll »: 
5S@0«fe^AH^GFP^3®«©W^T»P^feo StVSV 

^;A^tt5t>^ ^/^^ttWIH^BW) bntSLft^tz (0 3 7) 0 d©C 
i:rt»&s ^tH^^tifc^^^X^ ft&KVSV-G * W^JC££-f £^-b** 

<5> ^-K^ ^-tV^-M^X^ f ^£§^V AZ^tZZ t(Dmm 

*Rli$fcffi£ft5&<^ F*>^*Rttfcffi3ftfcfr-3fc Ffcfc§!"r 
F££l>* HN fc£^£fcfctfc7>'A£W*a-fe>^tf'ni'*& VSV-G3I£ 
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zo&m, m-Gmmmmftmmzvjjiz&mmtzztvmibbh, vsv-g t 
) 0 vsv-g mmmvMMiz, i oerogBwtftfiLfc 

^-i-;b^rS^^nu. iS&&5B@©GFP©^Mfl§£ic;i£;i *-f;i/ 
*7W©«^©«&^$t (CIU) ^tofec ^0^, 
1 x 10 6 ClU/mlt-feofc 

o 

<7> ya-F^-f7t>^ -7^;i^# F£J:tf HN ^M^rV A^tZZ 

^i]vsv-G jte^3s^Bss-eJi56tfe^'(';i'^* J F^tf hn ^-e$^u 

^tH^tl^^ofc^i:*^^ F£cfctf HN^£ST-&3;i (03 9 

)o 

mmm i 2 ] Kxmmm&omi 

LLC-MK2 IK 5xl0 6 cells/dish T'100 mm ^ h UlUHiai^ 24 B#F^ig#& 
s Jto«£^£&<^MEMigil!l T- 1 0&&Ufc^ 3 £tg/il ©V^l/>i:Mft^ 
^ (365nm) T- 5 ^H«lStfc T7 RNA * D p< 7— 3 U ^ > > 
hiy^^-T^-r^X (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126 1986)(vTF7-3)£^T- 1 mmVkZ^tz (moi=2) (moi=2~3, » 
jSCtt moi=2 #ffl^£>tiS)o Jfo»*££&^MEMfcft-C 2 Hifc&Lfc 

777^ KpSeV18VAF-GFP, pGEM/NP, pGEM/P, £t>*pGEM/L(Kato, A. et al., 
Genes cells 1, 569-579(1996)) ZZtiZti IZug, 4ug, lug, 4//g/dish 
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©SJtT- Opt i -MEMl^itfe ( G I BCO ) £MU SuperFect transfection reagent (1 
jugWk/bju\ ©SuperFect, QIAGEN)£Afk ^ST* 15 frfflfiLM^ ftHftt 3% 
FBS£^tr Opti-MEM^ife 3 ml \Z\titz DNA-SuperFect I^I^IItillO bT 
i£*bfco m?^W&, »^ M£^£&^MEMi£i1tn: 2 > V 

^»/?-D-77ty77y^K 40/zg/il (AraC, Sigma) £^t?MEMJ£ttn: 70 B#F^ 
i£#b£o Z.tih<Dim&t±m-%®WL\s, ZtlZtl P0-d3 1t>7>£;b£o P0- 
d3 ©^by b£ Opti-MEMi£JfeKMb£ (10 7 cells/ml) 0 3 mm 

t)?IbT lipofection reagent DOSPER (Boehringer mannheii) t S n b (10 6 
cells/25/zl D0SPER)^ST' 15 «ILfc^ FfgSi LLC-MK2/F7 fflBfttC r 
7>77x7*>3>(10 6 cells/well 24-well-plate)U M£#S;&^MEMigJfe 
(M/ig/ml AraC, 7.5//g/m h U 7^> >*%ts )T'ig« bfco J£#& 3 B@££tf 
7 Bi£±?»£[I]i&U ^n^n Pl-d3 £d:t>* Pl-d71ty 7*;ui: bfeo 
<x>^d-7'7'^7^ K+F2g3MB&»f&> 

7*7 ;U h'l:x>^D-777^^ K pGEM/FHN^4>ug/dishSnx.^^iis ± 
I2£:|5l1i©i^£m\ h7>77x7:>3>£*Tofco 3 B#fliS#&> 
, MEM^tfeT* 2®ft?tU ^> hS/>/?-D-T^tV7^y i/ K 40 

Ag/ml ( AraC, Sigma) £ h D 7*>> 7.5//g/ml £<atfMEMigife "C 48 BfP^iS^ 
tfe 0 tt«±?f SH^tx-M*^^ MEMJgife(40 y ag/ml AraC, 7.5//g/m h 
U7"v>^^tr){c^S^nfclO0 mm DM 1 fcfr© F %M LLC-MK2/F7 M 
■MWM 5 ml SrMJIbfco ig#48Bf fiTlsL d ti^©W^±?f £0$ U ^ft 
^ft P0-d4 +)->7>£bfco P0-d4 ©^.l/y h£ Opti-MEMt£Jft tZfiSb (2x 
10 7 cells/ml), 3 HiiDMUT F $g3i LLC-MK2/F7 »&K:mJl(2 

xl0 6 cells/well24-well-plate)bs M£^i:ft^MEM^ti!}(40/ig/ml AraC, 7.5 
/zg/m h y7v>£^tr)T-ig*b£o ±g#& 3 Bi£itf 7 B it;:±?it£[I]i& 
U ^ft^ft Pl-d3 £J;Z>* Pl-d71f>7-;i/i:bfco iti&©fc#\ M£ftfr1\ 
ai>^0-7-7 s 77^ Kffi^^iiitaU ±g3©&*&£±<l^b£&-e&fllfc£ 
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<GFP$83MMS©* * > h t «t £>CIU©$J£(GFP-CIU)> 

LLC-MK2tt£ 2x 10 s cells/wellT-12well-plate(33f § N 24 l$MJg*& Jfll 
m*<a£te^ MEMtgSfe T- 1 ®$i&Vtz'&, ±I3©-^>7*;KP0-d3£ fcliP0-d4 
, Pl-d3£=fct5 Pl-d7)£, HtSlffllStf 10cm 2 ^IlOMOOffi^©^;:^^ 

km:«u ioo u\ /vent mmzvtzo is^m^s^ mem^* i 
mi/weii mztzo $t>iz24 mm%w&, mm^m^tmumT-ammb, 

<CID(Cell-Infected 0nit)»£> 

LLC-MK2 2xl0 6 cells/dish T-12well-plate Cfl^ 24 B^tg#^ 

Jfitffl&^£&^ MEMig& T- 1 ®$t&Ltz'&s ±mV>7)V (^ZtiZV J 
^?*-£SeV/AF-GFP»-T) £ lOOAil/wellT'^t^o 15#&, 
&^ MEM£&£lml/well tiQZ., £ &£24 BfF^tg#b£o PBS(-)^ 3 0 

^tfc^s anus* mofr-isftmumm). nmitmiztztzfos 7 

-teh>£ lml/well jrapLE^MDI^ lft>1£*i£-£fc (&Jl0#M5#^iS;K 

g) 0 PBs(-)-e 100 i%%ffi\stzoy¥&*)mm£titzViSevxv zn-j-)im,#. 

(DN-1)£ 300/zl/well 37°CT45^S^ >*^- h L£&, PBS(-)T* 3 0 
ifc&U PBS(-)T 200 l%%MLtzfcVy¥lgG(H+L)mftWm=-&tfifa 
(AlexaTM568:Molecular Probes*±SO£ 300//l/well 37 0 CT-45£f^ 
i^-Hfe, PBS(-)T* 3 \E\$t&Ltz'&, g#Mg£T(Emission:560ni , 
Absorption:645nm7^;i/^-: y ^ ts^M.)^^%t hUU^Wi^tz (0 4 
0) o 

#MfcLT±IStf>7> (SeV/AF-GFP) & 100M/wellT-»U5#^ M 
MEM£lml/well box.. £££24 J^©$ift£*Tfcin3 
»%MM^T(Emission:360nm , Absorption :470nm 7 f fl/* — : ^"f^tt 
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MtnU^->=- T^-f;i/^(vTF7-3)©PLWUV(Psoralen and Long-Wave UV Light)® 

LLC-MK2 jM&& 5 xlO 6 cells/dish T'100 mm ^ HJ JDH; if ^ 24 mm%W& 
, MEM^tfe f 1 m&ftbfc&s 0.3-3 ^g/ml CV7l/>i:5 

(365nm) T> 2~20 ^HffllL-fc T7 RNA # D ;>< ?— \£*mntZ V 
u y Mir y bypy-T^JfrX (vTF7-3) (Fuerst, T.E. et al., 
Proc. Natl. Acad. Sci. USA 83, 8122-8126(1986) Clfit 1 B# H J8 & £ * fc 
(moi=2) (moi=2~3, ftmzlt moi=2 ?>ft£)o «B*JMI£££&^ MEM 
2 E&^bfc^ 77*5: KpSeV18VAF-GFP, pGEM/NP, pGEM/P, StF 
pGEM/L(Kato, A. et al., Genes cells 1, 569-579(1996)), 12/ug, 4 

tig,2jJLg,Jk'& 4#g/dish©*JtT? Opti-MEMtgtfe(GIBCO) \ZMM U SuperFect 
transfection reagent (l//g DNA/5/zl ©SuperFect, QIAGEN)£AfU 15 
#TOSgL ftH&K: 3%FBS^^tf0pti-MEMtgt& 3 ml iZXtitz DNA-SuperFect 

mGW&mmt&tnLxtzmLtzo 3 mm*zm'&, mm*, jmi&ss&o mem 

Jgife T- 2 ^bi/>/?-D-77tV77/^F 40 ^g/ml ( AraC, 

Sigma) £^tr MEMigtfe T* 48 B^ilfc, 100 mm ^ h I) M.(D® 1/20 Mi?© 
«^M7til^T-r"il^b, GFPfg3I«©;b«7> h Ltzo Vt^-T^J )IX 
(vTF7-3)©^tS<b©^l- & 7 ? - * l&WtfZ £ S * >f *-©$]£( 7*#fi£ £ , 
H7^;^^i7Dh3-;i/, p291-296, 1995)£frofco 

S&C, h^>X7x^>3>&©Ili&Bf$£3B@t;*iU V7b>i:UV 
H8»«FlH©tftW*fTofco &PLWUV&3I£^£7^>^7'<M;i/7s (vTF7-3) £ 

) &afcgU «.T©#JiTfffofe 0 6vell©T>f *D7*l/-r£ LLC-MK2 ijfflfl§£ 
5xl0 5 fflJfi/wellT?*^ »*Jg*l/fc« (lxlO 6 ffllB/vellCii* bT^3 i: 
<g£K PLWUVMSmi©^^ *-tfc*"C 2xl0 6 pfu/100^1 fiy^^- 
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7^;i/7(vTF7-3)£«U PBSft8*»©HBC*»3*fco im<D&Wt&. 
50/il © 0pti-mtg*(GIBC0)£75;*$ b\ pGEM/NP, pGEM/P, WpGEM/L, 
LXttftamSeV cDNA (pSeV18* b( + )) (Hasan, M. K. et al., J. General Virology 
78: 2813-2820, 1997) £ * ft * ft 1, 0.5, 1, 4 a g £ * X. & © C ^ 
SuperFect(QIAGEN)£ 10/zl Hats SST*15^KIIUfc^ 1 ml© 0pti-MEM(40 
//g/ml© AraC£^tr) £SD;L WcMLfco h 7 >X7i^>a 3 S 
ICiitmiKL^ 3<&£n 100/zl/well©PBS(;^^bfc o 3©»»«£10f& 
lOOte, 1000fg#^L£«i§$ 100^1 10 BS©*W»Wt*#R 3 

m-fiPMLtzo (lxlO 5 , lxlO 4 , lxlO 3 «^^ft^ftM^)o 3 B&fsMPfr 
e>m**lelJRb HAKKtZctD^-f^llfllJSC^^SSI^fco lxl0 5 M£if 
S*Lfc»W©-5^ HA Stt#&ofc»WS-j£U 10 4 -Ctt+jSx 10 3 Z'lfg&t 

<ifg*> 

1 2£<fctf 1 3©^S^i40~4 3, ;fc«fclF*2£*vr. :x>^d- 
7-^317"^^ * K fcijaMH©lSi^t)*t<t5SeV/AFHJPP©SfllJ5WSl*©fii 
±#fi|g«*ftfco PO (H^ffi) ©d3~d4 (3Bi~4B§) *L^3t 
##R«>*>ftfc (0 4 l)o ^2fkiU h7>77i^y3>t3ai©»Si 

csatfeo o.3/zg/ii©v7i/>iift-c 20^^©m* s > m&nmj&ttowm 

fr-otz (3B1) -I^fr^ ^©IfeftfcMlfettfcLfc (H2)o 
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1 4] GFP££3;&^LacZ&« F &&S-fe>*y ^l/*'***--© 



<LacZ ite^^^t? F SeV cDNA <DM%> 

mmmnmo pSevisvAF ©np jte^sttttss-ra Not i iziM&ie 

LacZ St&P&JSlBLfc cDNA (pSeV(+18:LacZ)/AF) £#|gT5feg> PCR 
LacZ it£^©if<I£f7-3fco LacZ ?t£^£ 6 OfgS (Hausmann, S et al. , RNA 
2, 1033-1045 (1996)) tfcfcrth 5' Notl MM^(t4tfe77^ 

T- (5'-GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA-3'/lE?'JII^: 1 7 
)&x 3'*C SeV®teWes/^;u (EK ^£K?'J (I) SilME^MiSS'?'* 
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;u ( S ) £ 4 U s NotI M$&£tt#bfc77^v-- (5'- 
GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTCTGACACCAGACC 
AACTGGTA-3' /^'JS-t : 1 8 ) 7*7 h' pCMV-/? (7n->7^7tt 

£!) £iiM^LTPCR&jS£*T^;t 0 SJt^fri^ PCMV-/? 50ng, 200 /zMdNTP 
(77^^7;Utr^m 100 pM Vent #',M7-*? (-^ 

W >7"?> hvw^tfttlO 4U §m^®Sli&A*^7 T-^i:feH^ms 
94°C 30 g\ 50 °C 1 72 °C 2 ^^foS^t^ 7;i/25HlT-fTo£o RUSE 
«7#n-;WU«mire&ftiSL 3.2 *n^-X©»rtf£tiDt>aiU *fS 
&s NotI T-tUifts pSeV18+/AF Not I ®mfr t 7 >f 7 - a > b T 
pSeV(+18:LacZ)/AF fc^fe. 

LLC-MK2 tt^ 5xl0 6 cells/dish T*100 mi ^ h 'Jitlt^ 24 mr$i%W& 
s jfllJUS^^ftV^ MEM T* 1 ®ffl*Ltz&. 3 /zg/ml l/>fcfi$fcR8t*Mi 
(365nm) T- 5«Ilfc T7 RNA # U p< 7— If ZftmtZ U n > t*^> h ? 7 
i/-7^-r;i/X(vTF7-3) (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 83, 
8122-8126(1986)t3^ST* (moi=2) (moi=2~3,£ftil;:l± moi=2 

ifim^*>tlZ)o MEMT* 2»tf:i, LacZjf® F^ 

^S-k>^')^^^^- cDNA (pSeV (+18:LacZ) AF), pGEM/NP, pGEM/P, 
SVpGEM/L(Kato, A. et ah, Genes Cells 1, 569-579(1996)), ^Mfi 12 
,ug, 4/zg, 2/ig, 4//g/dish * J:lFx>^D-777X 5: H pGEM/FHN £4/z 
g/dishftn^x Opti-MEM(GIBCO) tlSU SuperFect transfection reagent (1 
Ugmk/SfJLl ©SuperFect, QIAGEN)£A*U ^ST' 15 #IHK«&x 3% 
FBS£^fr0pti-MEM 3 ml iZXtitz DNA-SuperFect S^Ufcttiltt bT*g# 
Lfco 3 HlP^ig*^ SMfifcx M£^£&<^ MEM T* 2 llft&U vhv>/? 
-D-77t; 7^7 v h* 40 #g/ml (AraC, Sigma) tf'J7y> 7.5/zg/al £-a 
tfMEMT- 24 BSIWfcilLfco £*±?* 0 Bfc^ JfilS MEMJgJfe(40# 
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g/ml AraC, 7.5/zg/m r U 7^>>£Hit?) KMSftfclOO B^h'JUft^ 
© F 83! LLC-MK2/F7 8UBS*tt 5 ml fcfiJlLfco £ f>£Jg*48l$IBI&, Zti 
tb®n®t±mZ®%LV, ZMfr P0-d3tf>7>i:bfco P0-d3O^Uy 
Opti-MEMigJfe CSiBL (2xl0 7 cells/ml), 3 ®M>9MLX 

lipofection reagent DOSPER (Boehringer mannheim) t(10 6 cells/25 //l 
D0SPER)MT! 15 ^Pmifc^ FgiSt LLC-MK2/F7 Wti:h7>X7i^ 
^>3>(10 6 cells/well 24-well-plate) Jfili*^:^ ^ V^MEM^g±tk(40^^g/ml 
AraC, 7.5/zg/m h U 7 is Ufco t£*&7 BaC±?S&IUJRU 
Pl-d7tf>7>i: tfco ££l::±«£*&12-well-plateCgl>fcF$gSI LLC- 
MK2/F7*HSttC 37-cmiB«»^ MEMigife JgJft^-EI^Ufe^x Jfoiii£^ 
£&^MEMJ£jte(40/zg/ml AraC, 7.5/zg/m h U ^>>S:^t?)T-^#Lfco 
7 BBC±?t*iaJRU P2-d71t>r;uhUfcc 3 e>£±it£S£ 6 -well-plate 
CfS^fcF&S LLC-MKZ/F7 HIIISt^K: 37t:mriim MEM^Jfe Jg«!n?-lsli5fc 
i£Lfc&s ]H?**££&^MEMJ§J6(7.5,ug/i r U ^>>*^tr)t«* bfeo Jg 
#&7 BS^±»%@l'Rts P3-d7#>7VI/fcLfco $ £C±«±S£10 cm plate 
Hjg^fcFSgS LLC-MK2/F7 37 °C 1 B^®^, MEMlgift ^tt-@ft 
ftbfc^s jM^£^£&^MEMt£ifc(4(Wml AraC, 7.5^g/m h 'J 7v>&^tr) 
"CJ§#tfe B J§*«7 BiK±«fcl§|JKU ?4-tfV>7)Vtltco 
<LacZ83M&©# •> > h t «fcSCIU©«IS(LacZ-CIU)> 

LLC-MK2 8BJia£ 2.5X10 6 cells/wellt'6 well-plateC3§£* 24 BOT£#gL 
lfil?i£^£^ MEMJg* T 1 iftllfe^ P3-d7©l/10#f^J£MEMJgife-? 
fiMKU 37°ClHFMt. MEMtgJfeT— iU^bs 10%lfili»£^tfMEMJ£ife 1.5 
ml £»Lfc 0 37°CT-3B^*^^ SMS*/? -Gal h U > t* r n >>x 

>tt) la^felfco 3 0©**©IS**ia4 4C^1-o LacZ^feHM« 
ZWLz.tz&m, tinman b P3-d7it>7>£:fc^T lxlO 6 ClU/ml ©-M 
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mm 

<SeVyy AcDNA©^> 
-te>^-fM;i^ (SeV) ±S>5rVAcDNA, pSeV( + ) (Kato, A. et al., Genes 
to Cells 1: 569-579, 1996)©cDNA{lfr£& Not I h %&mfc?<07>f> - 

5(A)cDct-5(;pSeV(+)^5pi! I/Sai I-£$Hbb£»rtf- (2645bp), Cia IT*$tfbb£ 
mfr (3246bp), J&Tf Cla l/Eco RIT'$ifbbfc$rfr (5146bp) ZZtiZtlTXu- 
XM^m-Cftm, t^!T3M>h*£12JDa±U QIAEXII Gel Extraction Syste 
m (QIAGENftM) • llLto SpA I/&7 IT-#Hb bfcWK-&LITMUS38 (NE 

W ENGLAND BI0LABS£tSK Cla IX^itLtzm^ tCla l/Eco MXffiih Vtzmftlt 
pBluescriptll KS+ (STRATAGENEtttO £^7—>3>U V7Zu--y>? 
Lfzo Wt^XNot I1M h©^A£l£Qiiickchange Site-Directed Mutagenesis k 
it ( STRATAGENEttM) Zfe^tzo Zti?tKDmX\zm^fz7 ; 7 J x'-ttNP-P^-e 
li-fe>^^ : 5'-ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (MW&^r : 1 
9 ), T >^-tr >XH : 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' (IE 
?'J#-?- : 2 OK P-MP^T-li-fe>^II : 5' -gaaatttcacctaagcggccgcaatggcagatatc 
tatag-3' (@E?!JS-?- : 2 1), T>^-b : 5' -ctatagatatctgccattgcggccgc 
ttaggtgaaatttc-3' : 2 2), M-FHTfli-fe >7>£I : 5' -gggataaagtccct 

tgcggccgcttggttgcaaaactctcccc-3' (ffiyyg-^ : 23), 7 > > *m : 5' -gg 
ggagagttttgcaaccaagcggccgcaagggactttatccc-3' (iB9>J#-^ : 2 4), F-HNFalT*i± 
-te >X|i : 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (iB^'JS"^- 
: 2 5), 7>f-fe : 5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcg 
acc-3' : 2 6), HN-LfflTti-fe : 5' -cctgcccatccatgacctagcggc 

cgcttcccattcaccctggg-3' (SS^'JS^ : 2 7), 7 >f-*>> xm : 5' -cccagggtgaa 
tgggaagcggccgctaggtcatggatgggcagg-3' (iH?!lH^ : 2 8) S-ttl-^fV&fiK b, 
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mmtvzmmitsaii/sphimfr, mm, mmitcum^, mm, mm\tcia 

l/Eco Umfr^*cMh±M-<:V7 Z xi- - >7" Lfc**© tffl^TQuickchange 
Site-Directed Mutagenesis kit©7n hz3;i/fcftl\ mXtt^tzo lAlfc* 

4>fJ AcDNA^7-fe>^U Ltzo ^(Dfem, 0 4 5 (B)©«fc o l3#jt£i^C§r£ 
IZtiotlZmXLtzmm. (pSeV(+)NPP, pSeV(+)PM, pSeV(+)MF, pSeV(+)FHN££tf 
pSeV( + )HNL) ®-b>^*-f t> < )l7>?y AcDNA£jff^ Lfco 

mfc^$mm.-&fiz>tz®<Dvft-$>Mfc : £}i lx t h^s?;^ y 7*77 

7 ^ — tf (SEAP) £PCRT*-y-77D-->7~Lfco 77 V-KlkUsc I Mill 
1M h fcfrlJD bfc5' 77 v — : 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcc 
tg-3' (SB^'JS^- : 2 9 )s 3' 77^1* : 5' -gcggcgcgcccttatcatgtctgctcgaagc 
ggccggccg-3' (IE?iJ#^: 3 0) £i§rfi£U. PCR£fTofc 0 H£»I&pSEAP-Basic 

(CLONTECH$tlS) N mmCiZPfu tourbo DNA#U *7 — tf (STRATAGENEttM) 
VAfeo PCRgL »£4sc IxmitL, m^ttCtDftl!- HJRUfco 
--V^tS^X; h*£ LTpBluescriptll KS+fiD*>t I1M H:7^D- 
-V^lt'f h (Pne l-Asc l-Swa I) i:»te^^^;i/-^Sffi50-WJ&^^±^tf 
-£j$~;$:^DNA [-fe>7ift : 5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaa 
aaacttagggtgaaagttcatcgcggccgc-3' (SJiJif : 3 1 K 7>f : 5'-g 
cggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtttaaacgcggccg 
c-3' (EWW: 3 2)] S»*&/^£fc0Sf1?Bbfc (04 6), 3CD7^7 = 

K©4sc I1M h£|ftg{ • [§l&L£PCRjltl£7-i''ir— >3>U 70-->^t 

to cm^t i-£MUTSEAPjtfi™M-£mmM-emi& -usu ±ib©5 
asKD-fe^-f £4 ;i/7^7 AcDNA*:pSevi8+©jfot iim h c-£ft-£ft7 -< >f- 

^>3>UI#&A,£o ZtlZtMD^J ;i/7^7^-^pSeV(+)NPP/SEAP, pSeV(+) 
PM/SEAP, pSeV(+)MF/SEAP, pSeV(+)FHN/SEAP N P SeV(OHNL/SEAP£cfct>pSeV18( + ) 
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/SEAPh Istzo 

LLC-MK2m^2xl0 6 cells/dish T-lOOmmv-r- U 24B#l3&Jg£^ 

(PLWUV-VacT7) (Fuerst, T.E. et al., Proc. Natl. Acad. Sci. USA 83: 
8122-8126, 1986 N Kato, A. etal., Genes Cells 1: 569-579, 1996) CgfiT?Boi=2 

cDNA, pGEM/NP N pGEM/P> & «t VpGEM/L * * ft ■£ ft 1 2 // g. 4/z g, 2 ,u g, £tf4 u g/di sh 
©Mitt- Opt iMEM (GIBOCO BRL1±!S0 CiSls 110/zl ©SuperFect transfecti on 
reagent (QIAGENftSO SXtltS^U gST'lS^fifcS^ S»WC3%FBSS 
^tr0ptiMEM3ml^ira^s IMStJBllPUT3^5I^IB««Ufeo Jg*8L M^Jfiiiit 
£^£&^MEM-e2@]i$fc&U r S">j5-D-77 fcV h" (AraC) £^t?MEM 

T*72Mig#b£o £ft?>©iffllBSIlJRU ^l/f F^lilOPBStSHU 
BHRfc3II)8t)$gb;fco £ft6*10BHJ»«£*fcJ»WC100;t£l««U 35°CT*3 

^ft^!l]iKt^^^^^tlO- 5 ~10- 7 C#RLT»«fcli8»U HtKClHlJR 
b^abT-80°Ct;z h y£ L£o^ft^ft©^;u*^*-££SeVNPP/SEAP 
, SeVPM/SEAPs SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP:fc«fctfSeV18/SEAPi:-ra 
)= 

< 77 - * 7 y -b ^ t ct 3 * -Y 9 -<DM%.> 

CV-liM£6well 7"b-M;lwellfefcD5xl0 5 cells-ro^§, 24B#Ei£#U 
f: e PBS&#gL BSA/PBS (1% BSA in PBS) "CIO* 10'\ 10"\ 1(T\ 10" 7 
LfefiftiSeV£lll$IHK >*3.^—>a>Ufe^ PBSTr&flK BSA/MEM/7#d- 
^ (0.2% BSA+2xMM^M©2%7#D-X£?g£Lfc&©) ftwellftfc D 3ml-f 
olll, 6BH37°C, 0.5X"rJg£Lfco 3ml©x^ y 

y-;W:BK=l:5) £fiD^ 3Bm6fcBU 7#D-xh£&£|&£L£o PBST* 
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i-^-i/3>Lfzo PBST-HlHlft&gL 200{£#fRLfcAlexa Flour™ fUg-V^rta 
->it^rIg(G+H) (Molecular Probe*!) ^MtlSTliliO^a^-yHVl 

It 3 7-7-^ :py^©|§m^f!l£Lfc#m&x.^>*W 7^ ;i^©^* 





(pfu/ml) 


SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNUSEAP 


7.1X109 



LLC-MK2«£6well 7*1/— h fclwell&fc t> l~5xl0 5 cellst* 24B#P^ 
^#t/c^^'>-r;i/7-<7^-$:iDoi=2«^-&,24^^^#±?»^100^1 HI 
JRU SEAPTy-b^ £fto£ 0 T^-fe-ffiReporter Assay Kit -SEAP- (MWffi) 
T'frV\ y ^-vT^^+f-LASlOOO (s±7^;i/A) T*«L£o « 
^t(iSeV18+/SEAP©1i^l00i: UT^n^tl^fil^bTaUfeo ^©^ H4 
8 C * b tz V ^ -fn©M £ SEAPjifi? A t £ ^§£T* SEAPrStt^ai £ Jlfc 
o SEAPrS&tiTV A©T$tMfi-r£>«c>TT#fK t^b^MitfTtfo 
tt^:i:^of;o i-fc, NPSt£^£Pjifc^©P^HSEAPsH5?£ff Xlfci 
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[mnmi q] vy)^K^M-mmmmmmz^^^.^emm^m(D^± 
w&m v > x ^ s sev 9 -< n< t. commmmx \$ , T7 rna# u * ? — e s as-r a m. 

ft* l 7*i'-7 , (vTF7-3)£Jfl^5fc#>* "7 ? ^T®$BM«t£K «fc D % «HB 
£>ftT^3 (Lamb and Kolakofsky, 1996, Fields virology, pll89) 0 -eftiftFHN 

K£m& (F^it^HN) &&mrs^;wiHffliiS£Mr££ 

^ o mmm * eo± t s n k * % t # * fc .FHwemmmtfA * * 

ai-r s c: j: stftit t zztiz&t) FHN±t^^ 9 j fr* np^t < ft± u 

10cifflll!S£*mi;:lOO%=i >7 U > h C&ofcLLC-MKJHia (lxl0 7 /dish)£ 
flWi-Hmu 9 *>=7*iDi=2TMtw*V^*ffe 1 B#P^s d2EGFP&»«T 6 
FHN^^cDNA ( P SeV18 + /AFHN-d2GFP (USS^ 8 ) , pGEM/NP, pGEM/P, pGEM/L, 
pGEM/FHN fc-Zti^tis 12Ag/10cni dish, 4#g/10cm dish, 2/ig/lOcm dish, 4# 
g/lOci dish, 4/zg/10ci dish©*JfCS-&U (final vol, 3ml/10ca dish), 3t 
fi^^AKH SuperFect(QIAGEN)fcffl^T, m&LtzF k&t> 4 ^ZCDUMmt 

mmtntmxiic-m.zmmzmB^mxbtzo^^mx 3 ^r^^w$:«^ 

*T?3|il**U ffiM^(lOOOrpm/2min)T-fiJ^tLfcm^0iRU ^h*>>£ 
-D-77 tV y'yJi/Y (AraC)40#g/ml, SIGMA), h >J 7"^>(7.5^g/ml, GIBC0) 
* ^ tr © *S jfliJH MEMt^ite C B » U «US C 3ta ^ s - Ift Jg# t fc o SO C ffl * U fe 10ai 
^ V- 1/ T- 100% =1 > 7 1/ > h \Z & o fcFHN£$&3Mffllia t 7? j 9 4 to 7, AxCANCre 
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&Moi=io-e %mnm'&, mm, mm, mm. zbe, 2BB®m&*%Mti5*\ 

PBS(-)T--l£l^t^ cell dissociation solution (SIGMA)£ «t *)mk%9Mfi U 
^3iSi^(1000rpm/2niin)-C"illig^*^AraC(40 / ag/ml > SIGMA), h 'J 7*^X7.5 

^g/mi, Gim)^ts(DmMmmmmzm^sL, tm^x^^ ^xonmrn^ 
tzmm (po) csnx-^«ufco mmmm^2B^m^tmwLm^mm^m.m 

U MC£tt6GFP©#gS|-e<?'f ^©iStf^filELfco ^©^^ 04 9t: 
^tfeo «llLftt^*©i^ (£) tit^v IIB§£Mb&3§£ (£) 

m*s*ifcijajia©£#GFP^^ 

U 10 7 «/ml©0pti-MEMigj& (GibcoDicMU 3H]^il>Ptfc^-r-fe- h 
^igl, #gS§|#bT2B^©FHN±t%3StttCl0 6 cells/100Ad/well« U 
AraC (40^g/ml, SIGMA), h 'J 7*$/ > (7.5yUg/ml, GIBCO) ^-atf®»MMEM^ 
37°C 5%CO 2 ^>^r^^-^-^20F^#tfcPl«^#±a©^'l'>'l'X 
^ffi£CIU-GFP-e$iJ£L£ (H4) 0 FM#g31M^4B#F^te^;i/7 



a 4 ^7*;i/^5feAF-BN«MJii£C«tS^SeVJHi 



GFP -CIU 


xl0 3 /ml 


FHNcell+ad/cre 


FHN eel l- 


4h 6h 8h 2d 3d 


8-10 


6-9 80-100 70-100 60-100 20-50 
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-K*-f7-te>^ 7-f ;U7#, ^&£VSV-G* W^7fC£^S2Pt;:llLT, in; 

SxftSrSllrU ^ST*30#iM^ VSV-GfeSl«^bTV^^CV^LLCG-Ll«^3^ 
SfeU 4S@CD5te^#Atg^GFP^SW©^M-eP^fco ^©*§H, F£<fctf 

VSV-G) 12, JjiVSV}n{*:-r*^t4©^^:^fil^J#E«)^nfeA^ #*©ft&£^-f 
S-tey^-Y^ )VX (0* F,HN) tliWife^nttiP^f; (H5 l) c -© 

z^Sk *^WJ-r-ff ^nfe-^-f ;i/7#, ftrnzyw-wy^zw-ZMt*^^ 
#iMSS{£fi^ £o2o~6o%© v x > h zmmz v fc 3 mmmz ^-o^^m 

£±Jf £"t!\ SW41D — * — (Beckman) -£29000rpnu 15~16Bf ^j®5§j|>£f7ofc 0 
«iiiC»«f-i-^©JSCn*ll»N 75 * ->a >□ l/^^-T-300//iro^Ii L 

, ^ t vsv-g * > ^ 7 k * * -r § ^> a - k * -f 7*© -t > -f 7 * ;i/ 7 t- & s - 
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a-K*^ 7*-fe>**>f ^-r^T-fc^ *>^-f <7>r ;w*S3fc©*>^g N VSV- 

^ n ^ ^ o .1 h ^ ^ F^ J: t>"HN^^S © v ^ - K ^ ^ 7"© -b > ^* ;u ^ r- 

(H5 2)o 

fi$M£ttmbfco €©*sm, FMe^^^ufe^-v A^w-rs^^x (sev/ 

AF, £cfclfVSV-GT->^- h'-fbbfc SeV/AF(VSV-G)) S^a- K^^ 7"-fe>^^ <i? 

m^m^r^^o^mm^titzo F££tfHN&£^£*&b£>rv a&wi- 

S^-K^r-b^M^;^ (SeV/AF-HN(VSV-G)) Tii, mmffl&±\ZWk 
m\t£<&ZX^ft^Z£&Wfi>frttJir>fc (05 3) 0 

mmm2 i] F5te^^^bfc^-VA^^i-§vsv-Gv^-K^^r-b>y 

^;i/7©!S§£^«, 3 B@©£iSffl]j§£fgStU£GFPM£Flow 

cytometory £ ffl U T $0£ t Ac • Fitfe^ fc^Lfc^VA^TS^-K*^ 
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»BHRATCDJB%%¥a^ LLC-HK23BHJS ^ a A, if MMt±*c o TiM^© 
Jurkat«T*(is 3 > h n £: Jt« LT 2{ggjg©FS£^ S^Lfc^V AS 

5 4) 0 

<NGF/SeV/AF©#4f|£&> 
NGF/SeV/AF0##$f£l±±g3 ri>^D-777^;H F&3i«ajg&j 

<NGF/SeV/AF© t> 4 )VX V V ASIE(RT-PCR) > 

NGF/SeV/AF-^^T^V A (05 5±) Mfg-TSfcfc, LLC-MK2/F7«fr £ 
@|JK£ftfcigiLt$S£S'l>Lfc^ QIAamp Viral RNA mini kit (QIAGEN) tr^© 
Tu h=i-;Uiz^oTRNAJft£ii*fi : ofco «I ©RNAS SUPERSCRIPT™ ONE-STEP™ RT- 
PCR SYSTEM (GIBCO BRL) iZX DRT-PCR©^>71-- h &tfL& kmCZZfi o fee 
2*J?58Mix ftilDMSeV cDNA (pSeV18 + b( + )) (Hasan, M. K. et al., J. General 

Virology 78: 2813-2820, 1997) Sffl^fc. PCR7^ T-(£NGF-N^NGF-C£ffl 
t^Tfrofeo NGF-NlZO^T!^ 7*9- K : ACTTGCGGCCGCCAAAGTTCAGTAATGTCCA 
TGTTGTTCTACACTCTG (E?Wf : 3 3), NGF-CHo^Tli, y/t-J* : ATCCGCGGC 
CGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGCCnCCTGC(E^J#-^ 

: 3 4) SMLfco NGF-N£NGF-Cfc£7^ v-£ffi^&»mJu R 

Tlfe^TT?NGF/SeV/AFI±NGF(3^Mfl9&^> K#fcffl*ftfcoftJlBSfc:fck*> Kti 
&fcB£ft&fr^fc (115 5T)o 

&®%.m.£in vitroiStt«!£ 
«*;RVHGFB£©»3Rttx jfigl0ci*W±fiS6cn7 , l/- h £l5Kcanfluent 
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\Z m m £ ■£ fc LLC-MK2/F A V% & LLC-MK2 MMZm^Xfi -otzo NGF/SeV/ A F, 
NGF/SeV/ A F-GFP (i LLCMK2/F Mil* NGF/SeV£tf GFP/SeV li LLC-MK2 SB 
■.o.i. 0.01T-«£-i^ 7.5//gM©Trypsin (GIBCO) £^&lfiu!£^i;&^MEM 
Jg«nf3BW§*bfc. 3B&KK100X©IM#Jfi»Lfc&fcs TrypsinSVJfll?!!* 

, 48,OO0xg(3T60^^, ±iiHo^TNGFM6©£fl:£U : in vitrorStt$H£ 
£fTo£o F^^^SeV (NGF/SeV/ AF, NGF/SeV/ A F-GFP) (0 5 5 

#BS) £LLC-MK2/F«Cf§|££i*T^£#s 1 i.o.i. Wx.l»Mi3) £{g 

wt- % iwi^©^m & * -rial * ff a ^ t #-c s & o 

NGFMfi©£fi&ELISA KitT*&£NGF Emax Immuno Assay System (Promega) £ 
fijfflbfco 7o Mi-;H±tRftX*©Ji^l3^ofco NGF/SeV/ AF, NGF/SeV/ A 
F-GFPaVHGF/SeV©jRlfi[*l8**±ill«t't:tt*n*n 32.4/zg/nL, 37.4#g/mL 
£7J l0.5/igM©NGF£G®#£#fl6R3tifco NGF/SeV/ AF, NGF/SeV/ A F-GFP 

<D®mm®%m±m * c « m^©ngf^ a LNGF/sev©«migii± 

©NGFH a * h JqlgK & D s F^&SSeVtl iotti +M©NGFCD$£B#& 

g«te^*lS**t?©^#ltSf«ttSiiWCff ofe (Nerve Growth Factors 
(Wiley, New York), pp.95-109 (1989)) 0 I&£10B»®-7 r UEJ: 
tt£&t>ajU 0.25% Trypsin (GIBCO) "£37°C 20^M^iCUfe o 100 units/mL 
©penicillin (Gibco), lOOunits/iL© streptomycin (Gibco), 250ng/mL© 
amphotericin B (Gibco), 20 n M © 2-deoxyuridine (Nakarai), 20 #M© 5- 
fluorodeoxyuridine (Nakarai), 2mM L-glutamine (Sigma)OT5%©Jfil7f £^t?li 
/f ;u 3 _^ ©D-MEM*gtfe£{£ffi t N 96-wel 1 T U - h tc lwel 1 & fc t) ^5000<@©M 
«Kl?«#*M>SUfeo7'U— h(±polylysin3- h Ufe96-well7*U- h (Iwaki) 
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£5£lamiiiin (Sigma) T*3- h LXmMLtzo ^iii»3>hD-;i/t'fe 
ZMMv^tZtRiZ, Alamerblue (CosmoBio) b u > K tmz J: 

zmTzfe&zmmtLT (mrnxmBLtzsmrmom^^m^) ^mmofe 

mZfi^tzo =i>hD-;i/ (NGFiiML) S^SeV/f^DM-GFP (GFP/SeV) 
^Wm*±7»©» (1/1000#)K) T*(ilRimjS©^m$:^t^^T-$)0 
tztf, NGF/SeV/AF, NGF/SeV/AF-GFPSt>*NGF/SeV©^^$fflJJ&J^#±if ?:^&n ( 
l/1000#§O -TS^lCfc'K ilS^^^S©±#* s l i ^>il^m^^<^ 
#i!f&rStt£WbT^&^M£ftfc (156)o LXs €©fiU£ELISA££t) 

^<fe feNGFM e i0i)ra iz mm t & ®mz o £ . mm © c ^ #gim&T x mm 

NGF/SeV/AF, NGF/SeV/AF-GFPSt>*NGF/SeV©^^$fflgatg«±^f^ 

»l-5 3^{3<ti3, ^jjgii©iiSn^^^^#Ji* s m^$nfc (05 7) 
x^^tmm^titzo 

1 ) Adeno-CreCDmoi 2:iB§#Bf Fe3 

mt£ 3 Adeno-Cre©moi i X LLC-MK2/FH«£ i*Fg &(Dmm*mmLtzWi 

, i2h, 24h, mfeoftMrnzm^tztzz, ^?tibmm'mmr£Btm&(D 

£fc, moi=K 3, 10s 30, 100^«^«bT^iJ5S©ff^^{b$:^^^il^ 
Ltzft, mi=lO£Z{zMmm\Z^m<V£&E&tbtiti;fr'?tzbK moi=30W±tl^ 
^MMtt#f^£ft£ (115 9) 0 

2) aSftg 

LLC-MK2/F K # L T Adeno-Cre^ o T FM 6 © %M £ Mm t T & 7ft £ T? *tft b 
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LLC-MK2/Ftt£Afu -lftJg#bfcgL £ttl£®t> »*PBS1?- @«c&UTfr& 
, 3.7X©Fornalin-PBST?5#IHS£Lfco PBS7?i«£-|l&&b7c^ 
0. IX Triton X100-PBST-5^r^M LT^F!! fi * ^ * d 7 -236 ) ( 100 

^©^s mB£T-MttLtzmm<Dm&(Dmmmizm*tefr^tz imeo) 

y3s20ix^^x-mitLtzmm^^^mxmm^(DYm&(D^m^m^fzt 
zh, lmzz^tamifitafr^tzv, *hu±mitLtzMmmzm&(Dm&ib 
mfoftwimzntz (H6 1) 0 

2ffigiGD£?££ £3CIU (Cell-Infected Dnit) ©$I^J?l£«W&£H)i^£ 
o LLC-MK2«§2xl0 5 cells/dishT-12well-plate{CSf # s 24^tg*^> M 
£^£&^MEM^tmiIJ&&Ufc@L SeV/AF-GFP&lOO^l/wellT'MiLfco 15 

M^^^^uMEMtgftk^lml/wellSD^, £ *>£24ll#IHJg*Lfco 
PBS(-)T*3HI?5t^Lfe^, »§^i^t(^10^~15^Slil[I), M£a£ir 
h>£l ml/wellin^iS^t^DI^^^ m>1£«£tf£(^10#~15 
#g^M)oPBS(-)T-100f£#fRbfc£t^cJ; »3 tiS^ftfcfctSeV*'; £ d-:>-;u 
Jn;i$:(DN-l)^:300^1/welljbD^.. 37 6 CT«45^^ >*a^- h LfcgL PBS(-)T*3 
@ft&U PBS(-)T*200^#IRLfc^'>-9-^IgG(H+D)m^m-*mft (Alex™ 
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568: Molecular ProbesttK)£300/zl/wel lira* N 37"CT?45#IHK h U 

tzo PBS(-)-e3@^Lfc^ m^P.0^T (Emission: 560nni, Absorption: 645nm 

Mi^i: LT SeV/AF-GFP fclOO^l/wellf^ L15#&s M £^a£ &i^MEM 

% i mi/weiisnx, ^^muts*^ &>&<DVktt*ftt>irizmm*nftmwL 

MT (Emission: 360m, Absorption: 470nm7 4 frt—.^J fcttJS) T-GFPfggi 
6 2) 0 

1) -fe>4r-f (SeV) ±*^VAcDNA N pSeV18 + ©cDNAO^ J Aff 1 ©^ < 

^ h^^^C^^-hv-^^^hATGaiRM^y^C^tl^Atfco 

2) tT'{3lt^bfeSeV^^^-cDNAf7;i/5 : -^n-->^^ hia^iji:^« 
^y^-;u-^iB^j-^iSg>'^^-;i/^^p^-ii-TNotit'--r h^i^tfo 

1) om^s mAl5&tLXi±£T. pSeV18 + £Eag IT'^fb btzm* (2644bp 
X Clal-e^bUfegf^ (3246bp), ClaI/EcoRI-e${b LfcBrtf (5146bp), Stf 
Eco RIT-fHbbfcBrK- (5010bp) £^ft^ftT#D-7xSliiM)T-#$L 

K t> fcti U QIAEXII Gel Extraction System (QIAGENftS) T'HiR • At 
i^Ufco Eag I-T?gfbbfc»rtt-fctLi™uS38 (NEW ENGLAND BIOLABSttSX Cla IT? 
MLfcKrtf\ Clal/Eco RIT-$HbLfcBfttf\ StfEco RIT'M LtzmftiZ 
pBluescriptIIKS+ (STRATAGENEttS!) 4 V-is a > U It 7* 7 □-:=.> ?X 
feo ^TftJUHiilM f-©5£Ji> a» ACtiQuickchange Site-Directed 
Mutagenesis kit (STRATAGENEttS?) £{£ofc 0 

{HaRSHHM rffififc&ttiSal I: (-fe>X^) 5' -ggagaagtctcaacaccgtccaccc 
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aagataatcgatcag-3' (E#J#-t : 3 5), (7>^-tr >*H) 5' -ctgatcgattatctt 
gggtggacggtgttgagacttctcc-3' (EHI** : 3 6), Nhe I: (-fe>*£) 5'-gtat 
atgtgttcagttgagcttgctgtcggtctaaggc-3' (E^J^ : 3 7), (7>ft>X|) 
5'-gccttagaccgacagcaagctcaactgaacacatatac-3' (E^'JH^ : 3 8), Xho I: ( 
-fe>;*ii) 5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (E#l#^ : 
3 9 ), (7 7 >5 L -fe >^iS) 5'-ccaggtaactctttagtgactccagcctctctagagagttcattg 
-3' (K?'J#^:4 0), ^fcW^*AHiiNP-Pf^ : (t>Xl) 5' -gtgaaagt 
tcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (E#J#^f : 4 1), (7>3- 
5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (E 
£U§-^- : 4 2 ), P-MPal : (-fe>;*gi) 5' -cttagggtgaaagaaatttcagctagcacggcgcaa 
tggcagatatc-3' (EBI«- : 4 3), (T>f-fe>^^) 5' -gatatctgccattgcgccg 
tgctagctgaaatttctttcaccctaag-3' (E^M : 44), M-FP^ : (t>7i) 5'-c 
ttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (E?!i#^ : 4 5), (T> 
f-fe >*f|) 5 5 -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (E^'J# 
: 4 6), F-HNPal : (-fe>;*il) 5' -ggtcgcgcggtactttagtcgacacctcaaacaagcaca 
gatcatgg-3' (E?'J#"t : 4 7 ), (T>f-fe>*gi) 5' -ccatgatctgtgcttgtttgag 
gtgtcgactaaagtaccgcgcgacc-3' (IH^JS^ : 4 8), HN-LP^ : (-fe>X^) 5'-ccc 
agggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (E?!l## : 4 9), (T> 
^■fe >Xil) 5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (E?'J 
t^: 5 0) £*ft**i£fi£bKJ&Kffll>fco #A&, ^ti^ft©8rtf £±8BPJ 

2) ©J§-n, (Hz>X||) 5'-ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataa 
gaaaaacttagggtgaaagttcatcac-3' (E?'J#^ : 5 1), (T>^-tr>XH) 5'-ggc 
cgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaaccgttaattaagc-3' 

(E?'J§^: 5 2) &£jESU *ft*ft©£fiSDNA£U >IMbU 85°C 2#, 65 
°C 15#, 37°C 15#, MM 15#T- 7^- U SeV cDNA^jffl^atfo &£> 
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^tipOC18SfcttpBluescriptII^©v;u^^P-->W-f h tUti* V 1- fr- 

mtz -r s ^©ot« «Bie«^tt© mm-k mmt zzt t^mr- & % 0 
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1. (a) xt>vQt?4 )iz(D>Pte< tb-^xD^y^v-yfyAZM 
RNAx (b) W. (-) m-ttm.M\Z£*)?-Yt!ti5, WWk\Zfe£tZ>$ 

2. (-) St-:£MA#NP*W^ft P^W^ffs &cfctfL*>/^K£fg 
3!U F^W^g, HN^W^K, gb<f±M* W^ff£fci±cn^©i&&£ 

3. (-) m-*»A^*-fe>^^'>^;i/X{Zft*1-^, »*JS1 &tz\±2\ZU 

3 ©^-rn^tiBm^^o 

o 
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anti-F 



anti-T7 
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82 

46 




w--- <iws. 



1 23456789 10 
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2 LLCMK2/F+ad 3rd 

3 LLCMK2 /F-ad 

4 LLCMK2/F+ad 3d 

5 LLCMK2/F+ad 3d/Vac Id 
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123456789 10 11 
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3: LLCMK2 /F+ad 
4: LLCMK2/F+ad 
5: LLCMK2 /F+ad 
6: LLCMK2 /F+ad 
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m9 
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LLCMK2 supdct^S* 
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Probe HN 4 



■ wt AF ''wt.:- AF v : " 
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I ; 1 



. -v. 
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4^ Hf 



Wt SeV 



dFGFP 



SeV(wt) 

RT(-h) RT(-) 
I 1 I 1 



12 3 12 3 




SeV/AF-GFP 
RT(+) RT(-) 

1 r 




1: +18-NP, +I8N0UIM b©#£E<25i^ 

2: M-GFP. GFP&£^Tjt£T*m$&0#ft<7>&E 

3: Fgene, Ffcter? <Z>#£E<35t^ 
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,1 , F gene 

^>B»>-»>g^>Bg> l L > SeV (wt) 




2, M/GFP 



^> AFGFP 



Primsr 

Set AFGFP F/AFGFP GFP/SeV SeV (wt) 
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H PE+/GFP+ 
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M PE+/GFP+ 
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SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> RNP derived from paramyxoviruses 

<130> D3-102PCT 

<140> 
<141> 

<150> JP 1999-200740 
<151> 1999-05-18 

<160> 52 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 
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<400> 1 

atgcatgccg gcagatga 18 

<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 2 

gttgagtact gcaagagc 18 

<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 3 
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tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 42 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 4 

atgcatgccg gcagatga 18 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

tgggtgaatg agagaatcag c 



21 
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<210> 6 

<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 6 

atgcatatgg tgatgcggtt ttggcagtac 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

tgccggctat tattacttgt acagctcgtc 

<210> 8 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

atcagagacc tgcgacaatg c 21 

<210> 9 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

aagtcgtgct gcttcatgtg g 21 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 10 

acaaccacta cctgagcacc cagtc 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcctaacaca tccagagatc g 

<210> 12 

<211> 20 

<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 12 

acattcatga gtcagctcgc 20 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 13 

atcagagacc tgcgacaatg c 21 

<210> 14 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 14 

aagtcgtgct gcttcatgtg g 21 

<210> 15 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaaaaactta gggataaagt ccc 23 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 16 
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gttatctccg ggatggtgc 19 

<210> 17 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 17 

gcgcggccgc cgtacggtgg caaccatgtc gtttactttg accaa 45 

<210> 18 
<211> 80 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

gcgcggccgc gatgaacttt caccctaagt ttttcttact acggcgtacg ctattacttc 60 
tgacaccaga ccaactggta 80 
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<210> 19 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 19 

ccaccgacca cacccagcgg ccgcgacagc cacggcttcg g 

<210> 20 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

ccgaagccgt ggctgtcgcg gccgctgggt gtggtcggtg g 



<210> 21 
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<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

gaaatttcac ctaagcggcc gcaatggcag atatctatag 40 

<210> 22 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

ctatagatat ctgccattgc ggccgcttag gtgaaatttc 40 



<210> 23 
<211> 43 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 23 

gggataaagt cccttgcggc cgcttggttg caaaactctc ccc 

<210> 24 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 24 

ggggagagtt ttgcaaccaa gcggccgcaa gggactttat ccc 

<210> 25 

<211> 47 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ggtcgcgcgg tactttagcg gccgcctcaa acaagcacag atcatgg 

<210> 26 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 26 

ccatgatctg tgcttgtttg aggcggccgc taaagtaccg cgcgacc 

<210> 27 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
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synthesized sequence 
<400> 27 

cctgcccatc catgacctag cggccgcttc ccattcaccc tggg 44 

<210> 28 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

cccagggtga atgggaagcg gccgctaggt catggatggg cagg 44 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 29 

gcggcgcgcc atgctgctgc tgctgctgct gctgggcctg 40 

<210> 30 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 30 

gcggcgcgcc cttatcatgt ctgctcgaag cggccggccg 40 

<210> 31 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

gcggccgcgt ttaaacggcg cgccatttaa atccgtagta agaaaaactt agggtgaaag 60 
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ttcatcgcgg ccgc 74 

<210> 32 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 32 

gcggccgcga tgaactttca ccctaagttt ttcttactac ggatttaaat ggcgcgccgt 60 
ttaaacgcgg ccgc 74 

<210> 33 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 33 

acttgcggcc gccaaagttc agtaatgtcc atgttgttct acactctg 



48 
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<210> 34 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag cctcttcttg 60 
tagccttcct gc 72 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 35 

ggagaagtct caacaccgtc cacccaagat aatcgatcag 



40 
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<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

ctgatcgatt atcttgggtg gacggtgttg agacttctcc 40 

<210> 37 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 37 

gtatatgtgt tcagttgagc ttgctgtcgg tctaaggc 38 

<210> 38 
<211> 38 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 38 

gccttagacc gacagcaagc tcaactgaac acatatac 38 

<210> 39 
<2U> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 39 

caatgaactc tctagagagg ctggagtcac taaagagtta cctgg 45 

<210> 40 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 40 

ccaggtaact ctttagtgac tccagcctct ctagagagtt cattg 45 

<210> 41 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 41 

gtgaaagttc atccaccgat cggctcactc gaggccacac ccaaccccac eg 52 

<210> 42 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 42 

cggtggggtt gggtgtggcc tcgagtgagc cgatcggtgg atgaactttc ac 52 

<210> 43 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 43 

cttagggtga aagaaatttc agctagcacg gcgcaatggc agatatc 47 

<210> 44 
<2U> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 44 

gatatctgcc attgcgccgt gctagctgaa atttctttca ccctaag 47 

<210> 45 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 45 

cttagggata aagtcccttg tgcgcgcttg gttgcaaaac tctcccc 47 

<210> 46 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 46 
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ggggagagtt ttgcaaccaa gcgcgcacaa gggactttat ccctaag 47 

<210> 47 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 47 

ggtcgcgcgg tactttagtc gacacctcaa acaagcacag atcatgg 47 

<210> 48 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 48 

ccatgatctg tgcttgtttg aggtgtcgac taaagtaccg cgcgacc 



47 
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<210> 49 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 49 

cccagggtga atgggaaggg ccggccaggt catggatggg caggagtcc 49 

<210> 50 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 50 

ggactcctgc ccatccatga cctggccggc ccttcccatt caccctggg 49 

<210> 51 
<211> 72 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 51 

ggccgcttaa ttaacggttt aaacgcgcgc caacagtgtt gataagaaaa acttagggtg 60 
aaagttcatc ac 72 

<210> 52 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 52 

ggccgtgatg aactttcacc ctaagttttt cttatcaaca ctgttggcgc gcgtttaaac 60 
cgttaattaa gc 72 
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DESCRIPTION 
PARAMYXOVIRUS -DERIVED RNP 

5 Technical Field 

The present invention relates to paramyxovirus-derived 
ribonucleoprotein complex and the utilization thereof. 

Background Art 

10 Paramyxovirus is a virus comprising negative-strand RNA as the 

genome. Negative-strand RNA viral vectors have several 
characteristics significantly different from retroviruses, DNA 
viruses or positive-strand RNA virus vectors . Genomes or antigenomes 
of negative-strand RNA viruses do not directly function as mRNA, so 

15 they cannot initiate the synthesis of viral proteins and genome 
replication. Both RNA genome and antigenome of these viruses always 
exist in the form of a ribonucleoprotein complex (RNP) , so they hardly 
cause problems caused by antisense strands, such as interfering with 
the assembly of genome to RNP due to mRNA hybridizing with naked 

20 genomic RNA, as in the case of positive strand RNA viruses. These 
viruses comprise their own RNA polymerases, performing the 
transcription of viral mRNAs or replication of viral genomes using 
RNP complex as the template. Worthy of mentioning is that 
negative-strand RNA (nsRNA) viruses proliferate only in the cytoplasm 

25 of host cells, causing no integration thereof into chromosomes, 
because they do not go through a DNA phase . Furthermore, no homologous 
recombination among RNAs has been recognized. These properties are 
considered to contribute a great deal to the stability and safety 
of negative-strand RNA viruses as gene expressing vectors. 

30 Among negative-strand RNA viruses, present inventors have been 

focusing their attention on the Sendai virus (SeV) . Sendai virus is 
a non-segmented type negative-strand RNA virus belonging to the genus 
Paramyxovirus, and is a type of murine parainfluenza virus. This 
virus has been said to be non-pathogenic towards humans . In addition, 

35 an attenuated laboratory strain (Z strain) of Sendai virus has been 
isolated, which only induces mild pneumonia in rodents, the natural 
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hosts (J. General Virology (1997) 78, 3207-3215) . This strain has 
been widely used as a research model for molecular level studies of 
the transcription-replication mechanism of paramyxoviruses. Sendai 
virus attaches to the host cell membrane and cause membrane fusion 
5 via its two envelope glycoproteins, hemagglutinin-neuraminidase (HN) 
and fusion protein (F) , and efficiently releases its own RNA 
polymerase and RNA genome existing in the form of ribonucleoprotein 
complex (RNP) into the cytoplasm of host cells to carry out 
transcription of viral mRNA and genome replication therein (Bitzer, 

10 M. et. al., J. Virol. 71(7): 5481-5486, 1997). 

Present inventors have hitherto developed a method for 
recovering infectious Sendai virus particles from cDNA corresponding 
to Sendai virus genome. In this method, for example, after infecting 
LLC-MK2 cells with vaccinia virus encoding T7 RNA polymerase, the 

15 cells are further transfected simultaneously with three plasmids 
encoding the antigenome of Sendai virus under the control of T7 
promoter, the nucleoprotein (NP) of Sendai virus and the RNA 
polymerase proteins (P and L) , respectively, to form antigenomic 
ribonucleoprotein complexes (RNPs) as intermediates of viral genome 

20 replication in the cells, and then replicate biologically active 
(functional) genomic RNPs capable of initiating viral protein 
transcription and virus particle assembly. When recovering the 
wild-type Sendai virus, these functional genomic RNPs are injected 
into chorioallantoic sac of chicken eggs together with reconstituted 

25 cells to perform virion multiplication (Kato, A. et al., Genes cells 
1, 569-579 (1996) ) . 

However, Sendai virus has been known to incorporate host cell 
proteins thereto during virion formation (J. Biol. Chem. (1997) 272, 
16578-16584), and such incorporated proteins maybe possible causes 

30 of antigenicity and cytotoxicity when transferred to target cells. 

In this regard, in spite of the obvious need existing for the 
use of RNP as vectors without utilizing Sendai virus particles, there 
has been no report on such a utilization. 

35 Disclosure of the Invention 

An objective of the present invention is to isolate an RNP 
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deriving from a virus belonging to the family Paramyxoviridae, and 
to provide the utilization thereof as a vector. In a preferred 
embodiment, vectors comprising a complex of RNP with a cationic 
compound are provided. 
5 The present inventors have prepared RNPs from Sendai virus 

belonging to the family Paramyxoviridae and investigated their use 
as a vector. 

Specifically, first, the present inventors prepared a Sendai 
virus genomic cDNA deficient in the gene for the F protein, which 

10 is one of the envelope proteins of the virus, so as not to produce 
wild-type Sendai viruses in target cells, and further constructed 
a vector to express the cDNA in cells (GFP gene is inserted into the 
vector as a reporter at the F gene-def icient site) . The vector thus 
prepared was transferred to cells expressing proteins required for 

15 RNP formation to produce an RNP comprising an F gene-deficient genome. 
Then, the RNP was removed from the cells by repeating cycles of 
freezing and thawing of the cells, mixed with a cationic lipofection 
reagent, and transferred to F gene-expressing cells. As a result, 
the expression of GFP as a reporter was detected in the cells to which 

20 RNP was transfected. 

Namely, present inventors succeeded not only in preparing 
functional RNP from Sendai virus, but also found a possibility to 
express a foreign gene comprised in RNP, even when this RNP is 
transferred to target cells utilizing, for example, a gene transfer 

25 reagent such as a cationic liposome, in stead of just infecting the 
RNP to cells as a constituting element of Sendai virus, and thus 
accomplished this invention. 

Namely, this invention relates to paramyxovirus-derived RNP and 
the utilization thereof as a vector, more specifically to: 

30 (1) a complex comprising (a) a negative-strand single-stranded RNA 
derived from a paramyxovirus, wherein said RNA is modified so as not 
express at least one of the envelope proteins of Paramyxoviridae 
viruses, and (b) a protein encoded by and binding to said 
negative-strand single-stranded RNA; 

35 (2) a complex according to (1), wherein said negative-strand 
single-stranded RNA is modified so as to express NP, P and L proteins, 
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but not F, HN or M proteins, or any combination thereof; 

(3) a complex according to (1) or (2), wherein said negative-strand 
single-stranded RNA derives from the Sendai virus; 

(4) a complex according to any of (1) through (3), wherein said 
5 negative-strand single-stranded RNA further encodes a foreign gene; 

(5) a composition for gene transfer, comprising a complex according 
to (4) and a cationic lipid; 

(6) a composition for gene transfer, comprising a complex according 
to (4) and a cationic polymer; and, 

10 (7) a method for expressing a foreign gene in a cell, comprising the 
step of introducing the composition for gene transfer according to 
(5) or (6) into a cell. 

"NP, P, M, F, HN and L genes" of viruses belonging to the family 
Paramyxoviridae refer to genes encoding nucleocapsid, phospho, matrix, 
15 fusion, hemagglutinin-neuraminidase and large proteins, 
respectively. Respective genes of viruses belonging to subfamilies 
of the family Paramyxoviridae are represented in general as follows. 
NP gene is generally described also as the "N gene" . 

Genus N P/C/V M F HN - L 

Respirovirus 

Genus N P/V M F HN (SH) L 

Rubullavirus 

Genus N P/C/V M F H - L 

Morbillivirus 

Database accession numbers for nucleotide sequences of genes 
20 of the Sendai virus classified into Respirovirus of the family 
Paramyxoviridae are, M29343, M30202, M30203, M30204, M51331, M55565, 
M69046 and X17218 for NP gene, M30202, M30203, M30204, M55565, M69046, 
X00583, X17007 and X17008 for P gene, D11446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584 and X53056 for M gene, D00152, D11446, 
25 D17334, D17335, M30202, M30203, M30204, M69046, X00152 and X02131 
for F gene, D26475, M12397, M30202, M30203, M30204, M69046, X00586, 
X02808 and X56131 for HN gene, and D00053, M30202, M30203, M30204, 
M69040, X00587 and X58886 for L gene. 

The present invention relates to a ribonucleoprotein complex 
30 (RNP) derived from viruses belonging to the family Paramyxoviridae 
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deficient in any of the envelope genes. The complex is modified so 
as not to produce the virus having the envelope protein in target 
cells in the absence of the envelope protein. That is, RNP according 
to this invention comprises (a) a negative-strand single-stranded 
5 RNA originating in paramyxovirus modified so as not to express at 
least one of envelope proteins of Paramyxoviridae viruses (b) a 
protein encoded by and binding to said negative-strand 
single-stranded RNA. 

Proteins capable of binding to a negative-strand 

10 single-stranded RNA refer to proteins binding directly and/or 
indirectly to the negative-strand single-stranded RNA to form an RNP 
complex with the negative-strand single-stranded RNA. In general, 
negative-strand single-stranded RNA (genomic RNA) of paramyxovirus 
is bound to NP, P and L proteins. RNA contained in this RNP serves 

15 as the template for transcription and replication of RNA (Lamb, R. 
A., and D. Kolakofsky, 1996, Paramyxoviridae : The viruses and their 
replication, pp. 1177-1204. In Fields Virology, 3 rd edn. Fields, B. 
N. , D. M. Knipe, and P.M. Howley et al . (ed. ) , Raven Press, New York, 
N. Y.). Complexes of this invention include those comprising 

20 negative-strand single-stranded RNAs originating in paramyxovirus 
and proteins also originating in paramyxovirus which bind to the RNAs . 
Complexes of this invention are RNP complexes comprising, for example, 
negative-strand single-stranded RNA to which these proteins (NP, P 
and L proteins) are bound. In general, RNP complexes of paramyxovirus 

25 are capable of autonomously self-replicating in host cells. Thus, 
RNPs transferred to cells intracellularly proliferate to increase 
the copy number of the gene (RNA contained in RNP complex) , thereby 
leading to a high level expression of a foreign gene from RNP carrying 
the foreign gene. Vectors of this invention are preferably those 

30 capable of replicating RNA comprised in complexes (RNP) in transf ected 
cells . 

The origin of RNP complexes of this invention is not limited 
as long as it is a virus of family Paramyxoviridae, but Sendai virus 
belonging to the genus Paramyxovirus is especially preferred. 
35 Besides Sendai virus, RNPs of this invention may derive from the 
measles virus, simian parainfluenza virus (SV5) and human 
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parainfluenza virus type 3, but the origin is not limited thereto. 

Negative-strand single-stranded RNAs contained in RNPs of 
this invention are constructed so as to suppress the expression of 
at least one of the envelope proteins of Paramyxoviridae viruses. 
5 Examples of envelope proteins the expressions of which are suppressed 
are, F protein, HN protein, or M protein, or any combination thereof, 
negative-strand single-stranded RNAs are constructed so as to 
express NP, P and L proteins that are required for the formation of 
RNPs. negative-strand single-stranded RNAs contained in RNPs of 

10 this invention may be modified, for example, so as to express NP, 
P and L proteins, but not F and/or HN proteins. 

In the case of Sendai virus (SeV) , the genome of the natural 
virus is approximately 15,000 nucleotides in size, and the 
negative-strand comprises six genes encoding NP (nucleocapsid) , P 

15 (phospho), M (matrix), F (fusion), HN (hemagglutinin- neuraminidase) 
and L (large) proteins lined in a row following the 3' -short leader 
region, and a short 5' -trailer region on the other end. In this 
invention, this genome can be modified so as not to express envelope 
proteins by designing a genome deficient in any of F, HN and M genes, 

20 or any combination thereof. Deficiency in either F gene or HN gene, 
or both is preferred. Since these proteins are unnecessary for the 
formation of RNP, RNPs of this invention can be manufactured by 
transcribing this genomic RNA (either positive or negative-strand ) 
in the presence of NP, P and L proteins . RNP formation can be performed, 

25 for example, in LLC-MK2 cells, or the like. NP, P and L proteins can 
be supplied by introducing to cells expression vectors carrying the 
respective genes for these proteins (cf . examples) . Each gene may 
be also incorporated into chromosomes of host cells. NP, P and L genes 
to be expressed for the formation of RNP need not be completely 

30 identical to those genes encoded in the genome contained in RNP. That 
is, amino acid sequences of proteins encoded by these genes may not 
be identical to those of proteins encoded by RNP genome, as long as 
they can bind to the genomic RNA and are capable of replicating RNP 
in cells, and may have mutations or may be replaced with a homologous 

35 gene from other viruses. Once an RNP is formed, NP, P and L genes 
are expressed from this RNP to autonomously replicate RNP in the cells . 
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To reconstitute and amplify an RNP in cells, the RNP is either 
transferred to cells (helper cells) expressing envelope proteins 
whose expression is suppressed by modifying negative-strand 
single-stranded RNA contained in the RNP, or the RNP can be 
5 reconstituted in these cells. For example, to amplify RNP from 
negative-strand single-stranded RNA which has been modified so as 
not to express F gene, F protein is arranged to be expressed together 
with NP, P and L proteins in the cells . Thus, a viral vector retaining 
envelope proteins is constructed, and amplified via its infection 

10 to helper cells. 

In addition, it is also possible to use envelope proteins 
different from that whose expression was suppressed by modifying 
negative-strand single-stranded RNA. There is no particular 
limitation on the type of such envelope proteins . One example of other 

15 viral envelope proteins is the G protein (VSV-G) of vesicular 
stomatitis virus (VSV) . RNP complexes of this invention can be 
amplified, for example, using cells expressing the G protein (VSV-G) 
of VSV. 

Complexes of this invention can be usually prepared by (a) 

20 introducing a vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA that has been modified so as not 
to express at least one of the viral envelope proteins of 
Paramyxoviridae viruses, or a complementary strand of said RNA, into 
cells (helper cells) expressing envelope proteins to express the RNAs, 

25 and (b) culturing the cells to recover RNP complexes from the culture 
supernatant or cell extracts. By coexpressing NP, L and P proteins 
at the time of vector DNA expression, RNPs are formed and a virus 
having envelope proteins is constructed. 

Vector DNA to be expressed in helper cells encodes 

30 negative-strand single-stranded RNA (negative-strand ) or 
complementary strand thereof (positive strand) contained in complexes 
of this invention. Although the strand to be transcribed inside cells 
may be either positive or negative-strand , it is preferable to arrange 
so as to transcribe the positive strand for the improvement of complex 

35 reconstitution efficiency. For example, DNA encoding 

negative-strand single-stranded RNA or complementary strand thereof 
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is linked downstream of T7 promoter to be transcribed to RNA by T7 
RNA polymerase. 

For example, a virus comprising RNP complex can be reconstituted 
by transf ecting a plasmid expressing a recombinant Sendai virus genome 
5 deficient in envelope genes into host cells, together with a vector 
expressing the deficient envelope protein and NP, P/C and L protein 
expression vectors. Alternatively, RNP complex can be manufactured 
using, for example, host cells incorporated with F gene into 
chromosomes thereof. Amino acid sequences of these protein groups 

10 supplied from outside the viral genome need not be identical to those 
deriving from the virus. As long as these proteins are equally active 
to or more active than natural type proteins in transferring nucleic 
acids into cells, genes encoding these proteins may be modified by 
introducing a mutation or replacing with homologous genes from other 

15 viruses. Since, in general, it has been known that long-term culture 
of host cells is sometimes difficult because of cytotoxicity and cell 
shape-altering activity of envelope proteins, they may be arranged 
to be expressed only when the vector is reconstituted under the control 
of an inducible promoter (cf. examples). 

20 Once RNP or virus comprising RNP is formed, complexes of this 

invention can be amplified by introducing this RNP or virus again 
into the aforementioned helper cells and culturing them. This 
process comprises the steps of (a) introducing either the complex 
of this invention or viral vector comprising the complex to cells 

25 expressing envelope proteins, and (b) culturing the cells and 
recovering virus particles from the culture supernatant or cell 
extracts . 

RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and polycationic liposome . Specifically, 

30 a variety of transfection reagents can be utilized. Examples thereof 
are DOTMA (Boehringer) , Superfect (QIAGEN #301305), DOTAP, DOPE, 
DOSPER (Boehringer #1811169), etc. Chloroquine may be added to 
prevent RNP from decomposition in endosomes (Calos, M. P., 1983, Proc. 
Natl. Acad. Sci. USA 80: 3015). 

35 Once a viral vector is thus constructed in host cells, complexes 

of this invention or viral vector comprising the complexes can be 
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further amplified by coculturing these cells with cells expressing 
envelope proteins. As described in Example 12, a preferable example 
is the method of overlaying cells expressing envelope proteins on 
virus producing cells. 
5 Complexes of this invention, for example, may comprise a viral 

gene encoded in RNA in the complex that has been modified to reduce 
the antigenicity or enhance the RNA transcription and replication 
efficiency. 

Complexes of this invention may include RNA encoding a foreign 

10 gene in their negative-strand single-stranded RNA. Any gene desired 
to be expressed in target cells may be used as the foreign gene. For 
example, when gene therapy is intended, a gene for treating an 
objective disease is inserted into the vector DNA encoding RNA 
contained in complexes. In the case where a foreign gene is inserted 

15 into the vector DNA, for example, Sendai virus vector DNA, it is 
preferable, to insert a sequence comprising a nucleotide number of 
a multiple of six between the transcription termination sequence (E) 
and transcription initiation sequence (S), etc. (Journal of Virology, 
Vol. 67, No. 8, 1993, p . 4822-4830) . The foreign gene may be inserted 

20 before or after each of the viral genes (NP, P, M, F, HN and L genes) 
(cf . examples) . E-I-S sequence (transcription initiation 

sequence-intervening sequence-transcription termination sequence) 
or portion thereof is appropriately inserted before or after a foreign 
gene so as not to interfere with the expression of genes before or 

25 after the foreign gene. Expression level of the inserted foreign gene 
can be regulated by the type of transcription initiation sequence 
added upstream of the foreign gene, as well as the site of gene 
insertion and nucleotide sequences before and after the gene.. For 
example, in Sendai virus, the nearer the insertion site is to the 

30 3' -end of negative-strand RNA (in the gene arrangement on the wild 
type viral genome, the nearer to NP gene), the higher the expression 
level of the inserted gene is. To secure a high expression level of 
a foreign gene, it is preferable to insert the foreign gene upstream 
of NP gene (the 3' -side in negative-strand ) or between NP and P genes . 

35 Conversely, the nearer the insertion position is to the 5' -end of 
negative-strand RNA (in the gene arrangement on the wild type viral 
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genome, the nearer to L gene) , the lower the expression level of the 
inserted gene is. To suppress the expression of a foreign gene to 
a low level, the foreign gene is inserted, for example, to the far 
most 5' -side of the negative-strand , that is, downstream of L gene 
5 in the wild type viral genome (the 5' -side adjacent to L gene in 
negative-strand ) or upstream of L gene (the 3' -side adjacent to L 
gene in negative-strand ) . To facilitate the insertion of a foreign 
gene, a cloning site may be designed at the inserting position. 
Cloning site can be arranged to be, for example, the recognition 

10 sequence for restriction enzymes. Foreign gene fragments can be 
inserted into the restriction enzyme site in the vector DNA encoding 
the genome. Cloning site may be arranged to be a so-called 
multi-cloning site comprising a plurality of restriction enzyme 
recognition sequences. RNA genome in complexes of this invention may 

15 harbor at the insertion sites foreign genes other than those described 
above . 

Viral vectors comprising RNP complex derived from recombinant 
Sendai virus carrying a foreign gene can be constructed as follows 
according to, for example, the description in "Kato, A. et al., 1997, 

20 EMBO J. 16: 57 8-587" and "Yu, D. et al., 1997, Genes Cells 2: 4 57-4 6 6". 

First, a DNA sample comprising the cDNA nucleotide sequence of 
a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/p.1 or more. Below, a case where a foreign 

25 gene is inserted to DNA encoding viral genome utilizing NotI site 
will be described as an example. When NotI recognition site is 
included in the objective cDNA nucleotide sequence, it is preferable 
to delete the NotI site beforehand by modifying the nucleotide 
sequence using site-specific mutagenesis and such method so as not 

30 to alter the amino acid sequence encoded by the cDNA. From this DNA 
sample, the desired gene fragment is amplified and recovered by PCR. 
To have NotI sites on the both ends of amplified DNA fragment and 
further add a copy of transcription termination sequence (E) , 
intervening sequence (I) and transcription initiation sequence (S) 

35 (EIS sequence) of Sendai virus to one end, a forward side synthetic 
DNA sequence and reverse side synthetic DNA sequence (antisense 
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strand) are prepared as a pair of primers containing NotI restriction 
enzyme cleavage site sequence, transcription termination sequence 
(E) , intervening sequence (I), transcription initiation sequence (S) 
and a partial sequence of the objective gene. 
5 For example, to secure cleavage by NotI, the forward side 

synthetic DNA sequence is arranged in a form in which any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in NotI recognition site, more preferably ACTT) 
are selected on the 5' -side of the synthetic DNA, NotI recognition 

10 site "gcggccgc" is added to its 3' -side, and to the 3' -side thereof, 
any desired 9 nucleotides or nucleotides of 9 plus a multiple of 6 
nucleotides are added as the spacer sequence, and to the 3' -side 
thereof, about 25 nucleotide-equivalent ORF including the initiation 
codon ATG of the desired cDNA is added. It is preferable to select 

15 about 25 nucleotides from the desired cDNA as the forward side 
synthetic DNA sequence so as to have G or C as the final nucleotide 
on its 3' -end. 

In the reverse side synthetic DNA sequence, any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 

20 sequences originating in the NotI recognition site, more preferably 
ACTT) are selected from the 5' -side of the synthetic DNA, NotI 
recognition site "gcggccgc" is added to its 3' -side, and to its further 
3' -side, an oligo DNA is added as the insertion fragment to adjust 
the length. This oligo DNA is designed so that the total nucleotide 

25 number including the NotI recognition site "gcggccgc", complementary 
sequence of cDNA and EIS nucleotide sequence of Sendai virus genome 
originating in the virus described below becomes a multiple of six 
(so-called "rule of six"; Kolakofski, D. et al . , J. Virol. 72: 891-899, 
1998). Further to the 3' -side of inserted fragment, a sequence 

30 complementary to S sequence of Sendai virus, preferably 
5' -CTTTCACCCT-3' , I sequence, preferably 5'-AAG-3', and a sequence 
complementary to E sequence, preferably 5' -TTTTTCTTACTACGG-3' , is 
added, and further to the 3' -side thereof, about 25 
nucleotide-equivalent complementary sequence counted in the reverse 

35 direction from the termination codon of the desired cDNA sequence 
the length of which is adjusted to have G or C as the final nucleotide, 
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is selected and added as the 3' -end of the reverse side synthetic 
DNA. 

PCR can be done according to the usual method with, for example, 
ExTaq polymerase (Takara Shuzo) . Preferably, PCR is performed using 
5 Vent polymerase (NEB) , and desired fragments thus amplified are - 
digested with NotI, then inserted to NotI site of the plasmid vector 
pBluescript. Nucleotide sequences of PCR products thus obtained are 
confirmed with a sequencer to select a plasmid having the right 
sequence. The inserted fragment is excised from the plasmid using 

10 NotI, and cloned to the NotI site of the plasmid carrying the genomic 
cDNA deficient in envelope genes. Alternatively, it is also possible 
to obtain the recombinant Sendai virus cDNA by directly inserting 
the fragment to the NotI site without the mediation of the plasmid 
vector pBluescript. 

15 It is also possible to transcribe a vector DNA encoding the virus 

genome in test tubes or cells, reconstitute RNP with viral L, P and 
NP proteins, and produce the virus vector comprising this RNP. 
Reconstitution of virus from the vector DNA can be carried out 
according to methods known in the art using cells expressing envelope 

20 proteins (W097/16539 and 97/16538: Durbin, A. P. et al., 1997, 
Virology 235: 323-332; Whelan, S. P. et al . , 1995, Proc . Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell, M. J. et al., 1994, EMBO J. 13: 
4195-4203; Radecke, F. et al . , 1995, EMBO J. 14: 5773-5784; Lawson, 
N. D. et al., Proc. Natl. Acad. Sci. USA 92 : 4477-4481; Garcin, D. 

25 et al., 1995, EMBO J. 14: 6087-6094; Kato, A. et al . , 1996, Genes 
Cells 1: 569-579; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 
1265-1271; Bridgen, A. and Elliott, R. M., 1996, Proc. Natl. Acad. 
Sci. USA 93: 15400-15404) . When a viral vector DNA is made deficient 
in F, HN and/or M genes, infectious virus particles are not formed 

30 with such a defective vector. However, it is possible to form 
infectious virus particles and amplify the virus comprising the 
complex by separately transferring these deficient genes, genes 
encoding other viral envelope proteins and such to host cells and 
expressing them therein. 

35 Methods for transferring vector DNA into cells include the 

following: 1) the method of preparing DNA precipitates that can be 
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be taken up by objective cells; 2) the method of preparing a DNA 
comprising complex which is suitable for being taken up by objective 
cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective cellular 
5 membrane pores wide enough to allow DNA molecules to pass through 
by electric pulse. 

In Method 2) , a variety of transfection reagents can be utilized, 
examples being DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, 
DOPE, DOSPER (Boehringer #1811169), etc. An example of Method 1) is 

10 a transfection method using calcium phosphate, in which DNA that 
entered cells are incorporated into phagosomes, and a sufficient 
amount is incorporated into the nuclei as well (Graham, F. L. and Van 
Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: 223). Chen and Okayama have investigated the 

15 optimization of the transfer technique, reporting that optimal DNA 
precipitates can be obtained under the conditions where 1) cells are 
incubated with DNA in an atmosphere of 2 to 4% CO2 at 35°C for 15 to 
24 h, 2) cyclic DNA with a higher precipitate-forming activity than 
when linear DNA is used, and 3) DNA concentration in the precipitate 

20 mixture is 20 to 30 fig /ml (Chen, C. and Okayama, H., 1987, Mol . Cell. 
Biol. 7: 2745) . Method 2) is suitable for a transient transfection. 
An old method is known in the art in which a DEAE-dextran (Sigma #D-9885, 
M.W. 5 x 10 5 ) mixture is prepared in a desired DNA concentration ratio 
to perform the transfection. Since most of the complexes are 

25 decomposed inside endosomes, chloroquine may be added to enhance 
transfection effects (Calos, M. P., 1983, Proc. Natl. Acad. Sci. USA 
80: 3015) . Method 3) is referred to as electroporation, and is more 
versatile compared to methods 1) and 2) because it doesn't have cell 
selectivity. Method 3) is said to be efficient under optimal 

30 conditions for pulse electric current duration, pulse shape, electric 
field potency (gap between electrodes, voltage), conductivity of 
buffers, DNA concentration, and cell density. 

Among the above-described three categories, transfection 
reagents (method 2)) are suitable in this invention, because method 

35 2) is easily operable, and facilitates the examining of many test 
samples using a large amount of cells. Preferably, Superfect 
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Transfection Reagent (QIAGEN, Cat. No. 301305) or DOSPER Liposomal 
Transfection Reagent (Boehringer Mannheim, Cat. No. 1811169) is used. 

Specifically, the reconstitution of the viral vector from cDNA 
can be performed as follows. 
5 Simian kidney-derived LLC-MK2 cells are cultured in 24-well to 

6-well plastic culture plates or 100 mm diameter culture dish using 
a minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 

and antibiotics (100 units/ml penicillin G and 100 ng/ml streptomycin) 
to 70 to 80% confluency, and infected, for example, with recombinant 
10 vaccinia virus vTF7-3 expressing T7 polymerase at 2 PFU/cell. This 
virus has been inactivated by a UV irradiation treatment for 20 min 

in the presence of 1 jig/ml psoralen (Fuerst, T. R. et al . , Proc. Natl. 
Acad. Sci. USA 83: 8122-8126, 1986; Kato, A. et al., Genes Cells 1: 
569-57 9, 1996) . Amount of psoralen added and UV irradiation time can 

15 be appropriately adjusted. One hour after the infection, the cells 
are transfected with 2 to 60 |xg, more preferably 3 to 5 jig, of the 
above-described recombinant Sendai virus cDNA by the lipofection 
method and such using plasmids (24 to 0.5 [ig of pGEM-N, 12 to 0.25 
jag of pGEM-P and 2 4 to 0.5 jag of pGEM-L, more preferably 1 \ig of pGEM-N, 

20 0.5 fig of pGEM-P and 1 \xg of pGEM-L) (Kato, A. et al . , Genes Cells 
1: 569-579, 1996) expressing trans-acting viral proteins required 
for the production of full-length Sendai viral genome together with 
Superfect (QIAGEN) . The transfected cells are cultured in a 

serum-free MEM containing 100 p,g/ml each of rifampicin (Sigma) and 
25 cytosine arabinoside (AraC) if desired, more preferably only 
containing 40 jig/ml of cytosine arabinoside (AraC) (Sigma), and 
concentrations of reagents are set at optima so as to minimize 
cytotoxicity due to the vaccinia virus and maximize the recovery rate 
of the virus (Kato, A. et al., 1996, Genes Cells 1, 569-579) . After 
30 culturing for about 48 to 72 h following the transfection, the cells 
are recovered, disrupted by repeating three cycles of freezing and 
thawing, transfected to LLC-MK2 cells expressing envelope proteins, 
and cultured. After culturing the cells for 3 to 7 days, the culture 
solution is collected. Alternatively , infectious virus vectors can 
35 be obtained more efficiently by transfecting LLC-MK2 cells already 
expressing envelope proteins with plasmids expressing NP, L and P 
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proteins, or transfecting together with an envelope-expressing 
plasmid. Viral vectors can be amplified by culturing these cells 
overlaid on LLC-MK2 cells expressing envelope proteins (cf . examples) . 
Virus titer contained in the culture supernatant can be determined 
5 by measuring the hemagglutination activity (HA) , which can be assayed 
by "endo-point dilution method" (Kato, A. et al., 1996, Genes Cells 
1, 569-579). Virus stock thus obtained can be stored at -80°C. 

The type of host cells used for virus reconstitution is not 
particularly limited, so long as RNP complex or viral vector can be 

10 reconstituted therein. For example, in the reconstitution of Sendai 
virus vector or RNP complex, culture cells such as simian 
kidney-derived CV-I cells and LLC-MK2 cells, hamster kidney-derived 
BHK cells, and so on can be used. Infectious virus particles having 
the envelope can be also obtained by expressing appropriate envelope 

15 proteins in these cells. To obtain Sendai virus vector in a large 
quantity, the virus can be amplified, for example, by inoculating 
RNP or virus vector obtained from the above-described host cells into 
embryonated chicken eggs together with vectors expressing envelope 
genes . Alternatively, viral vectors can be produced using transgenic 

20 chicken eggs incorporated with envelope protein genes. Methods for 
manufacturing viral fluid using chicken eggs have been already 
developed (Nakanishi, etal. (eds.), 1993, "Shinkei-kagaku Kenkyu-no 
Sentan-gijutu Protocol III (High Technology Protocol III of 
Neuroscience Research) , Molecular Neurocyte Physiology, Koseisha, 

25 Osaka, pp. 153-172). Specifically, for example, fertilized eggs are 
placed in an incubator and incubated for 9 to 12 days at 37 to 38°C 
to grow embryos. Sendai virus vector or RNP complex is inoculated 
together with vectors expressing envelope proteins into 
chorioallantoic cavity of eggs, and cultured for several days to 

30 proliferate the virus. Conditions such as culture duration may be 
varied depending on the type of recombinant Sendai virus used. 
Subsequently, chorioallantoic fluid comprising the virus is recovered. 
Separation and purification of Sendai virus vector can be performed 
according to the standard methods (Tashiro, M . , "Virus Experiment 

35 Protocols", Nagai and Ishihama (eds.), Medicalview, pp. 68-73 
(1995)) . 
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As a vector to express envelope proteins, complexes of this 
invention or viral vectors themselves comprising complexes of this 
invention may be used. For example, when two types of RNP complexes 
in which the envelope gene deficient from the viral genome is different 
5 are transferred to the same cell, the envelope protein deficient in 
one RNP complex is supplied by the expression of the other complex 
to complement each other, thereby leading to the formation of 
infectious virus particles and activation of replication cycle to 
amplify the virus. That is, when two or more types of RNP complexes 

10 of this invention or viral vectors comprising these complexes are 
inoculated to cells in combinations so as to complement each other's 
envelope proteins, mixtures of viral vectors deficient in respective 
envelope proteins can be produced on a large scale and at a low cost. 
Mixed viruses thus produced are useful for the production of vaccines 

15 and such. Due to the deficiency of envelope genes, these viruses have 
a smaller genome size compared to the complete virus, so they can 
harbor a long foreign gene. Also, since these originally 
non-infectious viruses are extracellularly diluted, and its difficult 
to retain their coinfection, they become sterile, which is 

20 advantageous in managing their release to the environment. 

Preparation of RNP of this invention from a virus can be carried 
out, for example, using the ultracentrif ugation method as follows. 
Triton X-100 is added to a filtration fluid comprising virus particles 
to make the final concentration 0.5%, and the mixture is allowed to 

25 stand at room temperature for 10 to 15 min. The supernatant thus 
obtained is layered on a 10 to 40% sucrose density gradient, and 
centrifuged at 20,000 to 30, 000 rpm for 30 min to recover 
RNP-comprising fractions . 

Alternatively, the virus is dissolved in a mixture containing 

30 0.6% NP40, 1% sodium deoxycholate, 1 M KC1, 10 mM p-mercaptoethanol , 
10 mM Tris-HCl (pH 7.4) and 5 mM EDTA (final concentrations) , allowed 
to stand at 20°C for 20 min, and then centrifuged at 11, 000 x g for 
20 min. Supernatant comprising RNP is layered on 50% glycerol 
comprising 0.2% NP40, 30 mM NaCl, 10 mM Tris-HCl and 1 mM EDTA, and 

35 centrifuged at 39,000 rpm for 2 h at 4°C to recover precipitates. 
RNP complex contained in the precipitates can be purified by 
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dispersing the precipitates again in a solution containing 0 . 5% Triton 
X-100, layering the dispersion on a 10 to 40% sucrose density gradient, 
and centrifuging it at 20,000 to 30,000 rpm for 30 min to recover 
a single band containing a highly purified RNP. 
5 Complexes of this invention can be appropriately diluted, for 

example, with physiological saline and phosphate-buffered 
physiological saline (PBS) to prepare a composition. When complexes 
of this invention are proliferated in chicken eggs and such, the 
composition can include chorioallantoic fluid. Compositions 

10 comprising complexes of this invention may contain physiologically 
acceptable media such as deionized water, 5% dextrose aqueous solution, 
and so on, and, furthermore, other stabilizers and antibiotics may 
also be contained. 

Once RNP-comprising RNA inserted with a foreign gene is prepared, 

15 it can be transferred to target cells using gene transfer reagents. 
As gene transfer reagents, cationic lipids or cationic polymers are 
preferred. 

Cationic lipids include compounds represented by Formula (I) 
in Published Japanese Translation of International Publication No. 
20 Hei 5-508626. Preferably, cationic lipids are synthetic lipidic 
compounds . Cationic lipids may be also diether or diester compounds , 
preferably aliphatic ethers. Specific examples are the following 
compounds : 

DOGS (Transf ectam™) or DOTMA (Lipof ectin™} (diether compound) , 
25 DOTAP (diester compound) , 

DOPE (dioleoylphosphatidylethanolamine) , 
DOPC (dioleoylphosphatidylcholine) , 

DPRI Rosenthal inhibitor (RI) (dipalmitoyl derivative of DL-2,3- 

distearoyloxypropyl (dimethyl ) (3-hydroxyethylammonium bromide 
30 (Sigma) , and 

DORI (dioleyl derivative of the above compound) . 

Cationic polymers are cationic high molecular compounds, 

preferably synthetic molecules. Specific examples are polylysine, 

aliphatic polyamines, polyethyleneimine, etc. 
35 Complexes of this invention can be mixed with the 

above-described cationic lipids or cationic polymers to prepare 
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compositions for gene transfer. This composition for gene transfer 
can be appropriately combined with a medium such as physiological 
saline, and solutes such as salts, stabilizers, etc. By adding the 
composition for gene transfer of this invention to cells, the complex 
5 of this invention can be transferred into the cells to express the 
gene from RNA contained in the complex. 

Gene therapy is enabled when a therapeutic gene is used as the 
foreign gene. In the application of complexes of this invention to 
gene therapy, it is possible to express a foreign gene with which 

10 treatment effects are expected or an endogenous gene the supply of 
which is insufficient in the patient's body, by either direct or 
indirect (ex vivo) administration of the complex. There is no 
particular limitation on the type of foreign gene, and in addition 
to nucleic acids encoding proteins, they may be nucleic acids encoding 

15 no proteins, such as an antisense or ribozyme . In addition, when genes 
encoding antigens of bacteria or viruses involved in infectious 
diseases are used as foreign genes*, immunity can be induced in animals 
by administering these genes to the animals. That is, these genes 
can be used as vaccines. 

20 When using as vaccines, they may be applicable for , for example, 

cancers, infectious diseases and other general disorders. For 
example, as a cancer treatment, it is possible to express genes with 
therapeutic effects on tumor cells or antigen presenting cells (APC) 
such as DC cells. Examples of such genes are those encoding the tumor 

25 antigen Muc-1 or Muc-1 like mutin tandem repeat peptide (US Patent 
No. 5,744,144), melanoma gplOO antigen, etc. Such treatments with 
genes have been widely applied to cancers in the mammary gland, colon, 
pancreas, prostate, lung, etc. Combination with cytokines to enhance 
adjuvant effects is also effective in gene therapy. Examples of such 

30 genes are i) single-chain IL-12 in combination with IL-2 (Proc.Natl. 
Acad. Sci. USA 96 (15): 8591-8596, ii) interferon-? in combination 
with IL-2 (US Patent No. 5,798,100), iii) granulocyte 
colony-stimulating factor (GM-CSF) used alone, and iv) GM-CSF aiming 
at the treatment of brain tumor in combination with IL-4 (J. 

35 Neurosurgery, 90 (6), 1115-1124 (1999)), etc. 

Examples of genes used for the treatment of infectious diseases 
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are those encoding the envelope protein of the virulent strain H5N1 
type of influenza virus , the envelope chimera protein of Japanese 
encephalitis virus (Vaccine, vol. 17, No. 15-16, 1869-1882 (1999)), 
the HIV gag or SIV gag protein of AIDS virus (J. Immunology (2000), 
5 vol. 164, 4968-4978), the HIV envelope protein, which is incorporated 
as a oral vaccine encapsulated in polylactate- glycol copolymer 
microparticles for administration (Kaneko, H. et al., Virology 267, 
8-16 (2000)), the B subunit (CTB) of cholera toxin (Arakawa, T. et 
al., Nature Biotechnology (1998) 16 (10): 934-8; Arakawa, T. et al., 

10 Nature Biotechnology (1998) 16 (3): 292-297), the glycoprotein of 
rabies virus (Lodmell, D. L. et al., 1998, Nature Medicine 4 (8): 
949-52) , and the capsid protein LI of human papilloma virus 6 causing 
cervical cancer (J. Med. Virol., 60, 200-204 (2000). 

Gene therapy may also be applied to general disorders. For 

15 example, in the case of diabetes, the expression of insulin peptide 
fragment by inoculation of plasmid DNA encoding the peptide has been 
performed in type I diabetes model animals (Coon, B. et al., J. Clin. 
Invest., 1999, 104 (2): 189-94). 

20 Brief Description of the Drawings 

Figure 1 is a photograph showing an analytical result of the 

expression of F protein via a Cre-loxP-inducible expression system 

by Western blotting. It shows the result of detecting proteins on 

a transfer membrane cross-reacting to the anti-SeV-F antibody by 
25 chemiluminescence method. 

Figure 2 indicates a diagram showing an analytical result of 

cell-surface display of F protein the expression of which was induced 

by the Cre-loxP system. It shows results of flow cytometry analysis 

for LLC-MK2/F7 with the anti-SeV-F antibody. 
30 Figure 3 indicates a photograph showing the result confirming 

cleavage of the expressed F protein by trypsin using Western blotting. 
Figure 4 indicates photographs showing the result confirming 

cell-surface expression of HN in an experiment of cell-surface 

adsorption onto erythrocytes. 
35 Figure 5 indicates photographs showing the result obtained by 

an attempt to harvest the deficient viruses by using cells expressing 
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the deficient protein. It was revealed that the expression of F 
protein by the helper cell line was stopped rapidly by the vaccinia 
viruses used in the reconstitution of F-deficient SeV. 

1. LLC-MK2 and CV-1 represent cell lysates from the respective cell 
5 types alone. 

2. LLC-MK2/F+ad and CV-l/F+ad represent cell lysates from the 
respective cells that have been subjected to the induction of 
expression and to which adenovirus AxCANCre has been added. 

3. LLC-MK2/F-ad and CV-l/F-ad represent cell lysates from the 
10 respective cell lines in which the F gene but no adenovirus AxCANCre 

has been introduced. 

4. LLC-MK2 /F+ad 3rd represents a cell lysate from cells in which the 
expression was induced by adenovirus AxCANCre and which were then 
further passaged 3 times. 

15 5. Id and 3d respectively indicate one day and three days after the 
induction of expression. 

6. Vacld and Vac3d respectively indicate cells one day and three days 
after the infection of vaccinia virus. 

7. AraCld and AraC3d respectively indicate cells one day and three 
20 days after the addition of AraC. 

8. CHX Id and CHX 3d respectively indicate cells one day and three 
days after the addition of protein synthesis inhibitor cycloheximide . 

Figure 6 indicates photographs showing the result that was 
obtained by observing GFP expression after GFP-comprising F-def icient 

25 SeV cDNA (pSeV18 + /AF-GFP) was transfected into LLC-MK2 cells in which 
F was not expressed (detection of RNP) . In a control group, the F 
gene was shuffled with the NP gene at the 3' end, and then, SeV cDNA 
(F-shuffled SeV), in which GFP had been introduced into the 
F-deficient site, was used. The mark "all" indicates cells 

30 transfected with plasmids directing the expression of the NP gene, 
P gene, and L gene (pGEM/NP, pGEM/P, and pGEM/L) together with SeV 
cDNA at the same time; "cDNA" indicates cells transfected with cDNA 
(pSeV18 + /AF-GFP) alone. For RNP transf ection, P0 cells expressing 
GFP were collected; the cells (10 7 cells/ml) were suspended in OptiMEM 

35 (GIBCO BRL) ; 100 \xl of lysate prepared after treating three times 
with freeze-thaw cycles was mixed with 25 [il of cationic liposome 
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DOSPER (Boehringer Mannheim) and allowed to stand still at room 
temperature for 15 minutes; and the mixture was added to cells (+ad) 
in which the expression of F had been induced to achieve the RNP 
transfection. Cells expressing Cre DNA recombinase, in which no 

5 recombinant adenovirus had been introduced, were used as a control 
group of cells (-ad) . The result showed that GFP was expressed 
depending on the RNP formation of SeV in PO in LLC-MK2 cells; and 
the F-deficient virus was amplified depending on the induction of 
expression of F in PI. 

10 Figure 7 indicates photographs showing the result that was 

obtained by studying whether functional RNP reconstituted with 
F-deficient genomic cDNA could be rescued by the F-expressing helper 
cells and form the infective virion of the deficient virus. RNP/o 
represents cells overlaid with RNP; RNP/ t represents cells that was 

15 transfected with RNP. 

Figure 8 indicates photographs showing the evidence for the 
F-expressing cell-specific growth of the F-deficient virus. The 
lysate comprising functional RNP constructed from the genome lacking 
the gene was lipofected to the F-expressing cells as described in 

20 Example 2; and the culture supernatant was then recovered. This 
culture supernatant was added to the medium of the F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 
was recovered and concurrently added to both F-expressing cells and 
cells that had not expressed F; and then the cells were cultured in 

25 the presence or absence of trypsin for three days . The result is shown 
here. The viruses were amplified only in the presence of trypsin in 
the F-expressing cells. 

Figure 9 indicates photographs showing evidence for specific 
release of the F-deficient viruses to the culture supernatant after 

30 the introduction into F-expressing cells. The lysate comprising 
functional RNP constructed from the genome lacking the gene was 
lipofected to the F-expressing cells as described in Example 2 and 
then the culture supernatant was recovered. This culture supernatant 
was added to the medium of the F-expressing cells to achieve the 

35 infection; on the third day, the culture supernatant was recovered 
and concurrently added to both F-expressing cells and cells that did 
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not express F; and then -the cells were cultured in the presence or 
absence of trypsin for three days. The bottom panel shows the result 
with supernatant of the cells that did not express F. 

Figure 10 indicates photographs showing the result obtained by 

5 recovering viruses from the culture supernatant of the F-expressing 
cells, extracting the total RNA and performing Northern blot analysis 
using F and HN as probes to verify the genomic structure of virion 
recovered from the F-deficient cDNA. In the viruses recovered from 
the F-expressing cells, the HN gene was detected but the F gene was 

10 not detectable; and thus it was clarified that the F gene was not 
present in the viral genome. 

Figure 11 indicates photographs showing the result of RT-PCR, 
which demonstrates that the GFP gene is present in the locus where 
F had been deleted, as in the construct of the cDNA. 1: +18-NP, for 

15 the confirmation of the presence of +18 NotI site. 2: M-GFP, for the 
confirmation of the presence of the GFP gene in the F gene-deficient 
region. 3: F gene, for the confirmation of the presence of the F gene . 
The genomic structures of wild type SeV and F-deficient GFP-expressing 
SeV are shown in the top panel. It was verified that the GFP gene 

20 was present in the F-deficient locus, +18-derived NotI site was 
present at the 3' end of NP and the F gene was absent in any part 
of the RNA genome. 

Figure 12 indicates photographs that were obtained by the 
immuno-electron microscopic examination with gold colloid-bound IgG 

25 (anti-F, anti-HN) specifically reacting to F or HN of the virus. It 
was clarified that the spike-like structure of the virus envelope 
comprised F and HN proteins. 

Figure 13 indicates diagrams showing the result of RT-PCR, which 
demonstrates that the structures of genes except the GFP gene were 

30 the same as those from the wild type. 

Figure 14 indicates photographs showing the result obtained by 
examining the F-deficient virus particle morphology by electron 
microscopy. Like the wild-type virus particles, the F-deficient 
virus particles had helical RNP structure and spike-like structure 

35 inside. 

Figure 15 indicates photographs showing the result of in vitro 
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gene transfer to a variety of cells using an F-deficient SeV vector 
with a high efficiency. 

Figure 16 indicates diagrams showing the analytical result 
obtained after the introduction of the F-deficient SeV vector into 

5 primary bone marrow cells from mouse (BM c-kit+/-) . Open bars 
represent PE-positive/GFP-negative; closed bars represent 
PE-positive/GFP-positive . 

Figure 17 indicates photographs showing the result of in vivo 
administration of the vector into the rat cerebral ventricle. 

10 Figure 18 indicates photographs showing the result obtained by 

using the culture supernatant comprising F-deficient SeV viruses 
recovered from the F-expressing cells to infect LLC-MK2 cells that 
do not express F, culturing the cells in the presence or absence of 
trypsin for three days to confirm the presence of viruses in the 

15 supernatant by HA assay. 

Figure 19 is a photograph showing the result obtained by 
conducting HA assay of chorioallantoic fluids after a 2-day incubation 
of embryonated chicken egg that had been inoculated with 
chorioallantoic fluid (lanes 11 and 12) f rom HA-positive embryonated 

20 eggs in Figure 18B. 

Figure 20 indicates photographs showing the result obtained by 
examining the virus liquid, which is HA-positive and has no 
infectivity, by immuno-electron microscopy. The presence of the 
virus particles was verified and it was found that the virion envelope 

25 was reactive to antibody recognizing HN protein labeled with gold 
colloid, but not reactive to antibody recognizing F protein labeled 
with gold colloid. 

Figure 21 indicates photographs showing the result of 
transfection of F-deficient virus particles into cells. 

30 Figure 22 indicates photographs showing the result of creation 

of cells co-expressing F and HN, which were evaluated by Western 
blotting. LLC/VacT7 / pGEM/FHN represents cells obtained by 
transfecting vaccinia-infected LLOMK2 cells with pGEM/FHN plasmid; 
LLC/VacT7 represents vaccinia-infected LLC-MK2 cells. 

35 LLCMK2 /FHNmix represents LLC-MK2 cells in which the F and HN genes 
were introduced but not cloned. LLC/FHN represents LLC-MK2 cells in 
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which the F and HN genes were introduced and the expression was induced 
by adenovirus (after 3 days); 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4-3 
and 5-9 are cell-line numbers (names) in the cloning. 

Figure 23 indicates photographs showing the result for the 
5 confirmation of virus generation depending on the presence or absence 
pGEM/FHN. FHN-deficient GFP-expressing SeV cDNA, pGEM/NP, pGEM/P, 
pGEM/L, and pGEM/FHN were mixed and introduced into LLC-MK2 cells. 
3 hours after the gene transfer, the medium was changed with MEM 
containing AraC and trypsin and then the cells were further cultured 
10 for three days. 2 days after the gene transfer, observation was 
carried out with a stereoscopic fluorescence microscope to evaluate 
the difference depending on the presence or absence of pGEM/FHN, and 
the virus generation was verified based on the spread of 
GFP-expressing cells. The result is shown here. When pGEM/FHN was 
15 added at the time of reconstitution, the spread of GFP-expressing 
cells - was recognized; but when no pGEM/FHN was added, the GFP 
expression was observable merely in a single cell. 

Figure 24 indicates photographs showing the result of 
reconstitution by RNP transfection and growth of FHN-deficient 
20 viruses. On the third day after the induction of expression, cells 
co-expressing FHN (12 wells) were lipofected by using P0 RNP overlay 
or DOSPER, and then GFP was observed after 4 days. When RNP 
transfection was conducted, the harvest of viruses was successful 
for PI FHN-expressing cells as was for the F-deficient ones (top) . 
25 The growth of the FHN-deficient viruses was verified after inoculating 
a liquid comprising the viruses to cells in which the expression of 
FHN protein was induced 6 hours or more after the infection with 
Ade/Cre (bottom panel) . 

Figure 25 indicates photographs showing the result obtained 
30 after inoculating the liquid comprising viruses reconstituted from 
FHN-deficient GFP-expressing cDNA to LLC-MK2 , LLC-MK2/F, LLC-MK2/HN, 
and LLC-MK2/FHN and culturing them in the presence or absence of the 
trypsin. The spread of cells expressing GFP protein was verified 3 
days after the culture. The result is shown here. The expansion of 
35 GFP was observed only with LLC-MK2/FHN, and thus it was verified that 
the virus contained in the liquid was grown in a manner specific to 
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FHN co-expression and dependent on trypsin. 

Figure 2 6 is a photograph showing the result where the 
confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the FHN-expressing cells. 
5 Figure 27 is a photograph showing the result where the 

confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the F-expressing cells infected with the 
FHN-def icient viruses . 

Figure 28 is a diagram showing inactivation of vaccinia virus 
10 and T7 activity when psoralen concentration was varied in psoralen/UV 
irradiation. 

Figure 2 9 is a diagram showing inactivation of vaccinia virus 
and T7 RNA polymerase activity when the duration of UV irradiation 
was varied in psoralen/UV irradiation. 

15 Figure 30 indicates photographs showing a cytotoxicity (CPE) 

of vaccinia virus after psoralen/UV irradiation . 3x 10 5 LLC-MK2 cells 
were plated on a 6-well plate. After culturing overnight, the cells 
were infected with vaccinia virus at moi=2 . After 24 hours, CPE was 
determined. The result of CPE with mock-treatment of vaccinia virus 

20 is shown in A; CPE after the treatment with vaccinia virus for 15, 
20, or 30 minutes are shown in B, C, and D, respectively. 

Figure 31 is a diagram indicating the influence of duration of 
UV treatment of vaccinia virus on the reconstitution efficiency of 
Sendai virus. 

25 Figure 32 is a diagram indicating the titer of vaccinia virus 

capable of replicating that remained in the cells after the 
reconstitution experiment of Sendai virus. 

Figure 33 is a photograph showing a result of Western blot 
analysis using anti-VSV-G antibody. 

30 Figure 34 indicates a diagram showing results of flow cytometry 

analysis using anti~VSV-G antibody. It shows the result of analysis 
of LLC-MK2 cell line (LI) for the induction of VSV-G expression on 
the fourth day after AxCANCre infection (moi=0, 2.5, 5). Primary 
antibody used was anti-VSV-G antibody (MoAb 1-1) ; secondary antibody 

35 was FITC-labeled anti-mouse Ig. 

Figure 35 indicates photographs showing a result where 
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supernatants were recovered after the infection with altered amounts 
of AxCANCre (MOI=0, 1.25, 2.5, 5, 10) and a constant amount of 
pseudo-type Sendai virus having a F gene-deficient genome, and further 
the supernatants were used to infect cells before VSV-G induction 
5 (-) and after induction ( + ) , and cells expressing GFP were observed 
after 5 days. 

Figure 36 indicates photographs showing the result obtained for 
the time course of virus production amount. 

Figure 37 indicates photographs showing the result obtained by 
10 examining whether the infectivity is influenced by the treatment of 
pseudo-type Sendai virus having the F gene-deficient genome, which 
was established with the VSV-G-expressing cell line, and 
FHN-deficient Sendai virus treated with anti-VSV antibody. 

Figure 38 indicates photographs showing the result where the 
15 expression of the GFP gene was tested as an index to determine the 
presence of production of the pseudo-type virus having VSV-G in its 
capsid after the infection of VSV-G gene-expressing cells LLCG-L1 
with F and HN-deficient Sendai virus comprising the GFP gene. 

Figure 39 indicates photographs showing the result confirming 
20 that viruses grown in the VSV-G gene-expressing cells were deficient 
in F and HN genes by Western analysis of protein in the extract of 
infected cells. 

Figure 40 indicates photographs showing the result for the 
observation of GFP-expressing cells under a fluorescence microscope. 
25 Figure 41 is a diagram showing the improvement in efficiency 

for the reconstitution of SeV/AF-GFP by the combined used of the 
envelope-expressing plasmid and cell overlay. Considerable 
improvement was recognized at d3 to d4 (day 3 to day 4) of P0 (prior 
to passaging) . 

30 Figure 42 is a diagram showing the result where treatment 

conditions were evaluated for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay. 
GFP-positive cells represent the amount of virus reconstituted. 

Figure 43 is a diagram showing the result where the rescue of 

35 F-deficient Sendai viruses from cDNA was tested. It shows the 
improvement in efficiency for the reconstitution of SeV/AF-GFP by 
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the combined used of the envelope-expressing plasmid and cell overlay. 
All the tests were positive on the seventh day. However, the 
efficiency was evaluated on the third day where the probability of 
success was midrange. 
5 Figure 44 indicates photographs showing the result of lacZ 

expression by LacZ-comprising F-deficient Sendai virus vector 
comprising no GFP. 

Figure 45 indicates diagrams showing subcloning of Sendai virus 
genomic cDNA fragment (A) and structures of 5 Sendai virus genomic 
10 cDNAs constructed with newly introduced NotI site (B) . 

Figure 46 is a diagram showing structures of plasmids to be used 
for cloning to add NotI site, transcription initiation signal, 
intervening sequence, and transcription termination signal into SEAP. 

Figure 47 indicates photographs showing the result of plaque 
15 assay of each Sendai virus vector. It shows partial fluorescence 
image in the plaque assay obtained by LAS1000. 

Figure 48 is a diagram showing the result where altered 
expression levels of reporter gene (SEAP) were compared with one 
another among the respective Sendai virus vectors. The data of 
20 SeV18+/SEAP was taken as 100 and the respective values were indicated 
relative to it. It was found that the activity, namely the expression 
level, was decreased as the SEAP gene was placed more downstream. 

Figure 49 indicates microscopic photographs showing the 
expression of GFP in PI cells co-expressing FHN. 
25 Figure 50 indicates photographs showing the result of Western 

blot analysis of the extracts from cells infected with VSV-G 
pseudo-type SeV/AF:GFP using anti-F antibody (anti-F) , anti-HN 
antibody (anti-HN) , and anti-Sendai virus antibody (anti-SeV) . 

Figure 51 indicates photographs showing GFP fluorescence from 
30 F- and HN-deficient cells infected with VSV-G pseudo-type SeV in the 
presence or absence of a neutralizing antibody (VGV antibody) . 

Figure 52 indicates photographs showing results of Western 
analysis for VSV-G pseudo-type Sendai viruses having F gene-deficient 
or F gene- and HN gene-deficient genome, which were fractionated by 
35 density gradient ultracentrif ugation . 

Figure 53 indicates photographs showing hemagglutination test 
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mediated with Sendai viruses having F gene-deficient genome, or VSV-G 
pseudo-type Sendai viruses having F gene-deficient or F gene- and 
HN gene-deficient genome. 

Figure 54 indicates diagrams showing the specificity of 
5 infection to culture cells of Sendai virus having F gene-deficient 
genome or VSV-G pseudo-type Sendai virus. 

Figure 55 indicates photographs showing the confirmation of the 
structures of NGF-expressing F-def icient Sendai virus (NGF/SeV/AF) . 
Figure 56 is a diagram showing the activity of NGF expressed 
10 by the NGF-comprising cells infected with F-deficient SeV. With the 
initiation of culture, diluted supernatant of SeV-infected cells or 
NGF protein (control) was added to a dissociated culture of primary 
chicken dorsal root ganglion (DRG) neurons . After three days, the 
viable cells were counted by using mitochondrial reduction activity 
15 as an index (n=3) . The quantity of culture supernatant added 
corresponded to 1000-fold dilution. 

Figure 57 indicates photographs showing the activity of NGF 
expressed by the NGF-comprising cells infected with F-deficient SeV. 
With the initiation of culture, diluted supernatant of SeV-infected 
20 cells or NGF protein (control) was added to a dissociated culture 
of primary chicken dorsal root ganglion (DRG) neurons. After three 
' days, the samples were observed under a microscope, 

A) control (without NGF) ; 

B) addition of NGF protein (10 ng/mL) ; 

25 C) addition of culture supernatant (100-fold diluted) of NGF/ SeV 

infected cells; 

D) addition of culture supernatant (100-fold diluted) of NGF/ SeV 
infected cells; 

E) addition of culture supernatant (100-fold diluted) of 
30 NGF/SeV/AF infected cells, and; 

F) addition of culture supernatant (100-fold diluted) of 

NGF/SeV/AF-GFP infected cells. 

Figure 58 is a photograph showing moi of Ad-Cre and the 
expression level of F protein. 
35 Figure 59 indicates photographs showing the expression of 

LLC-MK2/F by Adeno-Cre. 
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Figure 60 is a photograph showing the durability of expression 
over the passages. 

Figure 61 indicates photographs showing the localization of F 
protein over the passages. 
5 Figure 62 is a diagram showing the correlation between GFP-CIU 

and anti-SeV-CIU. 

Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
10 reference to Examples, but is not to be construed as being limited 
thereto . 

[Example 1] Construction of F-deficient Sendai virus 

<1> Construction of F-deficient SeV genomic cDNA and F-expressing 

plasmid 

15 The full-length genomic cDNA of Sendai virus (SeV), pSeV18 + b( + ) 

(Hasan, M. K. et al . , 1997, J. General Virology 78: 2813-2820) 
("pSeV18 + b( + )" is also referred to as "pSeV18 + ") was digested with 
Sphl/Kpnl, and the resulting fragment (14673 bp) was recovered and 
cloned into pUC18, which was named plasmid pUC18/KS. The F-disrupted 

20 site was constructed on this pUC18/KS. The F gene disruption was 
performed by the combined use of PCR-ligation method, and as a result, 
the ORF for the F gene (ATG-TGA=1698 bp) was removed; thus 
atgcatgccggcagatga (SEQ ID NO: 1) was ligated to it to construct the 
F-deficient SeV genomic cDNA (pSeV18 + /AF) . In PCR, a PCR product 

25 generated by using a primer pair (forward: 5 1 -gttgagtactgcaagagc/SEQ 
ID NO: 2, reverse: 

5 1 -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SEQ ID NO: 3) was 
ligated upstream of F and another PCR product generated by using a 
primer pair (forward: 5 1 -atgcatgccggcagatga/SEQ ID NO: 4, reverse: 

30 5 ' -tgggtgaatgagagaatcagc/SEQ ID NO: 5) was ligated downstream of the 
F gene at EcoT22I site. The resulting plasmid was digested with Sad 
and Sail, and then the fragment (4 931 bp) spanning the region 
comprising the site where F is disrupted was recovered and cloned 
into pUC18 to generate pUC18/dFSS. This pUC18/dFSS was digested with 

35 Drain. The resulting fragment was recovered and substituted with 
a Drain fragment from the region comprising the F gene of pSeV18 + ; 
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and the ligation was carried out to generate plasmid pSeV18 + /AF. 

Further, in order to construct a cDNA (pSeV18 + /AF-GFP) in which 
the EGFP gene has been introduced at the site where F was disrupted, 
the EGFP gene was amplified by PCR. To set the EGFP gene with a 
5 multiple of 6 (Hausmann, S. et al., RNA 2, 1033-1045 (1996)), PCR 
was carried out with an Nsil-tailed primer 

(5 1 -atgcatatggtgatgcggttttggcagtac : SEQ ID NO: 6) for the 5' end and 
an NgoMIV-tailed primer ( 5 1 -Tgccggctattattacttgtacagctcgtc : SEQ ID 
NO: 7) for the 3' end. The PCR products were digested with restriction 

10 enzymes Nsil and NgoMIV, and then the fragment was recovered from 
the gel; the fragment was ligated at the site of pUC18/dFSS between 
Nsil and NgoMIV restriction enzyme sites where the disrupted F is 
located and the sequence was determined. A Drain fragment 
comprising the EGFP gene was removed and recovered from the site, 

15 and substituted for a Drain fragment in the region comprising the 
F gene of pSeV18 + ; then ligation was carried out to obtain plasmid 
pSeV18 + /AF-GFP. 

On the other hand, Cre-loxP-inducible expression plasmid for 
F gene expression was constructed by amplifying the SeV F gene by 

20 PCR, confirming the sequence, and inserting into the unique site Swal 
of plasmid pCALNdlw (Arai et al., J. Virology 72, 1998, plll5-1121) , 
in which the expression of gene products has been designed to be 
induced by Cre DNA recombinase, to obtain plasmid pCALNdLw/F. 
<2> Preparation of helper cells inducing the expression of SeV-F 

25 protein 

To recover infectious virus particles from F-deficient genome, 
a helper cell strain expressing SeV-F protein was established. The 
cell utilized was LLC-MK2 cell that is commonly used for the growth 
of SeV and is a cell strain derived from monkey kidney. The LLC-MK2 
30 cells were cultured in MEM containing 10% heat-treated inactivated 
fetal bovine serum (FBS) , sodium penicillin G (50 units/ml), and 

streptomycin (50 jag/ml) at 37°C under 5% C0 2 gas. Because SeV-F gene 
product is cytotoxic, the above-mentioned plasmid pCALNdLw/F designed 
to induce the expression of F gene product through Cre DNA recombinase 
35 was introduced into LLC-MK2 cells by calcium phosphate method 
(mammalian transfection kit (Stratagene) ) according to the gene 
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transfer protocol. 

10 jag of plasmid pCALNdLw/F was introduced into LLC-MK2 cells 
grown to be 40% confluent in a 10 -cm plate, and the cells were cultured 
in 10 ml of MEM containing 10% FBS at 37 °C under 5% C0 2 for 24 hours 
5 in an incubator. After 24 hours, the cells were scraped off, and 
suspended in 10 ml medium; then the cells were plated on 5 dishes 
with 10-cm diameter (one plate with 5 ml; 2 plates with 2 ml; 2 plates 
with 0.2 ml) in MEM containing 10 ml of 10% FBS and 1200 jig/ml G418 
(GIBCO-BRL) for the cultivation. The culture was continued for 14 
10 days while the medium was changed at 2-day intervals, to select cell 
lines in which the gene has been introduced stably. 30 cell strains 
were recovered as G418-resistant cells grown in the medium by using 
cloning rings. Each clone was cultured to be confluent in 10-cm 
plates . 

15 After the infection of each clone with recombinant adenovirus 

AxCANCre expressing Cre DNA recombinase, the cells were tested for 
the expression of SeV-F protein by Western blotting using anti-SeV-F 
protein monoclonal IgG (f236; J. Biochem. 123: 1064-1072) as follows. 
After grown to be confluent in a 6-cm dish, each clone was 

20 infected with adenovirus AxCANCre at moi=3 according to the method 
of Saito et al. , (Saito et al. , Nucl . Acids Res. 23: 3816-3821 (1995) ; 
Arai, T. et al., J Virol 72, 1115-1121 (1998)). After the infection, 
the cells were cultured for 3 days. The culture supernatant was 
discarded and the cells were washed twice with PBS buffer, scraped 

25 off with a scraper and were collected by centrif ugation at 1500x g 
for five minutes. 

The cells are kept at -80°C and can be thawed when used. The 
cells collected were suspended in 150 jil PBS buffer, and equal amount 
of 2x Tris-SDS-BME sample loading buffer (0.625 M Tris, pH 6.8, 5% 

30 SDS, 25% 2 -ME, 50% glycerol, 0.025% BPB; Owl) was added thereto. The 
mixture was heat-treated at 98 °C for 3 minutes and then used as a 
sample for electrophoresis. The sample (Ix 10 5 cells/lane) was 
fractionated by electrophoresis in an SDS-polyacrylamide gel (Multi 
Gel 10/20, Daiichi Pure Chemicals) . The fractionated proteins were 

35 transferred onto a PVDF transfer membrane (Immobilon-P transfer 
membranes; Millipore) by semi-dry blotting. The transfer was carried 
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out under a constant current of 1 mA/cm 2 for 1 hour onto the transfer 
membrane that had been soaked in 100% methanol for 30 seconds and 
then in water for 30 minutes. 

The transfer membrane was shaken in a blocking solution 
5 containing 0.05% Tween20 and 1% BSA (BlockAce; Snow Brand Milk 
Products) for one hour, and then it was incubated at room temperature 
for 2 hours with an anti-SeV-F antibody (f236) which had been diluted 
1000-folds with a blocking solution containing 0.05% Tween 20 and 
1% BSA. The transfer membrane was washed 3 times in 20 ml of PBS-0.1% 

10 Tween20 while being shaken for 5 minutes and then it was washed in 
PBS buffer while being shaken for 5 minutes. The transfer membrane 
was incubated at room temperature for one hour in 10 ml of 
peroxidase-conjugated anti-mouse IgG antibody (Goat anti-mouse IgG; 
Zymed) diluted 2000-fold with the blocking solution containing 0.05% 

15 Tween 20 and 1% BSA. The transfer membrane was washed 3 times with 
20 ml of PBS-0.1% Tween20 while being shaken for 5 minutes, and then 
it was washed in PBS buffer while being shaken for 5 minutes. 

Detections were carried out for proteins cross-reacting to the 
anti-SeV-F antibody on the transfer membrane by chemiluminescence 

20 method (ECL western blotting detection reagents; Amersham) . The 
result is shown in Figure 1 . The SeV-F expression specific to AxCANCre 
infection was detected to confirm the generation of LLC-MK2 cells 
that induce expression of a SeV-F gene product. 

One of the several resulting cell lines, LLC-MK2/F7 cell, was 

25 analyzed by flow cytometry with an anti-SeV-F antibody (Figure 2) . 
Specifically, lx 10 5 cells were precipitated by centrif ugation at 
15, 000 rpm at 4°C for 5 minutes, washed with 200 jil PBS, and allowed 
to react in PBS for FACS (NIKKEN CHEMICALS) containing 100-fold 
diluted anti-F monoclonal antibody (f236), 0.05% sodium azide, 2% 

30 FCS at 4°C for 1 hour in a dark place. The cells were again 
precipitated at 15, 000 rpm at 4°C for 5 minutes, washed with 200 jil 
PBS, and then allowed to react to FITC-labeled anti-mouse IgG (CAPPED 
of 1 ng/ml on ice for 30 minutes. Then the cells were again washed 
with 200 ^1 PBS, and then precipitated by centrif ugation at 15,000 

35 rpm at 4°C for 5 minutes. The cells were suspended in 1 ml of PBS 
for FACS and then analyzed by using EPICS ELITE (Coulter) argon laser 
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at an excitation wavelength of 488 nm and at a fluorescence wavelength 
of 52 5 nm. The result showed that LLC-MK2/F7 exhibited a high 
reactivity to the antibody in a manner specific to the induction of 
SeV-F gene expression, and thus it was verified that SeV-F protein 
5 was expressed on the cell surface. 

[Example 2] Confirmation of function of SeV-F protein expressed by 
helper cells 

It was tested whether or not SeV-F protein, of which expression 

10 was induced by helper cells, retained the original protein function. 

After plating on a 6-cm dish and grown to be confluent, 
LLC-MK2/F7 cells were infected with adenovirus AxCANCre at moi=3 
according to the method of Saito et al. (described above) . Then, the 
cells were cultured in MEM (serum free) containing trypsin (7.5jxg/ml; 

15 GIBCOBRL) at 37 °C under 5% C0 2 in an incubator for three days. 

The culture supernatant was discarded and the cells were washed 
twice with PBS buffer, scraped off with a scraper, and collected by 
centrifugation at 1500 x g for five minutes . The cleavage of expressed 
F protein by trypsin was verified by Western blotting as described 

20 above (Figure 3) . SeV-F protein is synthesized as F0 that is a 
non-active protein precursor, and then the precursor is activated 
after being digested into two subunits Fl and F2 by proteolysis with 
trypsin. LLC-MK2/F7 cells after the induction of F protein 
expression thus, like ordinary cells, continues to express F protein, 

25 even after being passaged, and no cytotoxicity mediated by the 
expressed F protein was observed as well as no cell fusion of F 
protein-expressing cells was observed. However, when SeV-HN 
expression plasmid (pCAG/SeV-HN) was transfected into the 
F-expressing cells and the cells were cultured in MEM containing 

30 trypsin for 3 days, cell fusion was frequently observed. The 
expression of HN on the cell surface was confirmed in an experiment 
using erythrocyte adsorption onto the cell surface (Hematoadsorption 
assay; Had assay) (Figure 4) . Specifically, 1% chicken erythrocytes 
were added to the culture cells at a concentration of 1 ml/dish and 

35 the mixture was allowed to stand still at 4°C for 10 minutes. The 
cells were washed 3 times with PBS buffer, and then colonies of 
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erythrocytes on the cell surface were observed. Cell fusion was 
recognized for cells on which erythrocytes aggregated; cell fusion 
was found to be induced through the interaction of F protein with 
HN; and thus it was demonstrated that F protein, the expression of 
5 which was sustained in LLC-MK2/F7 , retained the original function 
thereof. 

[Example 3] Functional RNP having F-deficient genome and formation 
of virions 

10 To recover virions from the deficient viruses, it is necessary 

to use cells expressing the deficient protein. Thus, the recovery 
of the deficient viruses was attempted with cells expressing the 
deficient protein, but it was revealed that the expression of F protein 
by the helper cell line stopped rapidly due to the vaccinia viruses 

15 used in the reconstitution of F-deficient SeV (Figure 5) and thus 
the virus reconstitution based on the direct supply of F protein from 
the helper cell line failed. It has been reported that replication 
capability of vaccinia virus is inactivated, but the activity of T7 
expression is not impaired by the treatment of vaccinia virus with 

20 ultraviolet light of long wavelengths (long-wave UV) in the presence 
of added psoralen (PLWUV treatment ) (Tsungetal., J Virol 70, 165-171, 
1996) . Thus, virus reconstitution was attempted by using 
PLWUV-treated vaccinia virus ( PLWUV-VacT7 ) . UV Stratalinker 2400 
(Catalog NO. 400676 (100V) ; Stratagene, La Jolla, CA, USA) equipped 

25 with five 15-Watt bulbs was used for ultraviolet light irradiation. 
The result showed that the expression of F protein was inhibited from 
the F-expressing cells used in the reconstitution, but vaccinia was 
hardly grown in the presence of araC after lysate from the cells 
reconstituted with this PLWUV-VacT7 was infected to the helper cells, 

30 and it was also found that the expression of F protein by the helper 
cell line was hardly influenced. Further, this reconstitution of 
wild type SeV using this PLWUV-VacT7 enables the recovery of viruses 
from even 10 3 cells, whereas by previous methods, this was not possible 
unless 10 5 or more cells were there, and thus the efficiency of virus 

35 reconstitution was greatly improved. Thus, reconstitution of 
F-deficient SeV virus was attempted by using this method. 
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<Reconstitution and amplification of F-deficient SeV virus> 

The expression of GFP was observed after transfecting LLC-MK2 
cells with the above-mentioned pSeV18 + /AF-GFP in which the enhanced 
green fluorescent protein (EGFP) gene had been introduced as a reporter 

5 into the site where F had been disrupted according to the 6n rule 
in the manner as described below. It was also tested for the influence 
of the presence of virus-derived genes NP, P, and L that are three 
components required for the formation of RNP. 

LLC-MK2 cells were plated on a 100-mm Petri-dish at a 

10 concentration of 5x 10 6 cells/dish and were cultured for 24 hours. 
After the culture was completed, the cells were treated with psoralen 
and ultraviolet light of long wavelengths (365 run) for 20 minutes, 
and the cells were infected with recombinant vaccinia virus expressing 
T7 RNA polymerase (Fuerst, T.R. et al . , Proc . Natl. Acad. Sci. USA 

15 83, 8122-8126 (1986)) at room temperature for one hour (moi=2) (moi=2 
to 3; preferably moi=2) . After the cells were washed 3 times, plasmids 
pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , Genes 
cells 1, 569-579 (1996)) were respectively suspended in quantities 
of 12 jag, 4 jag, 2 p,g, and 4 ^ig /dish in OptiMEM (GIBCO) ; SuperFect 

20 transfection reagent (1 jig DNA/5 jxl SuperFect; QIAGEN) was added 
thereto; the mixtures were allowed to stand still at room temperature 
for 10 minutes; then they are added to 3 ml of OptiMEM containing 
3% FBS; cells were added thereto and cultured. The same experiment 
was carried out using wild-type SeV genomic cDNA. (pSeV(+)) (Kato> 

25 A. et al., Genes cells 1, 569-579 (1996)) as a control instead of 
pSeV18 + /AF-GFP. After culturing for 3 hours, the cells were washed 
twice with MEM containing no serum, and then cultured in MEM containing 
cytosine (3-D-arabinof uranoside (AraC, 40 jig/ml; Sigma) and trypsin 
(7.5 ng/ml; GIBCO) for 70 hours. These cells were harvested, and the 

30 pellet was suspended in OptiMEM (10 7 cells/ml) . After 
f reeze-and-thaw treatment was repeated 3 times, the cells were mixed 
with lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 
jil DOSPER) and allowed to stand still at room temperature for 15 
minutes. Then F-expressing LLC-MK2/F7 cell line (10 6 cells /well in 

35 12-well plate) was transfected, and the cells were cultured in MEM 
containing no serum (containing 40 ^g/ml AraC and 7.5 ^tg/ml trypsin) . 
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The result showed that the expression of GFP was recognized only 
when all the three components, NP, P, and L derived from the virus 
are present and the deficient virus RNP expressing foreign "genes can 
be generated (Figure 6) . 

5 <Conf irmation of F-deficient virions> 

It was tested whether the functional RNP reconstituted by 
F-deficient genomic cDNA by the method as described above could be 
rescued by the F-expressing helper cells and form infective virions 
of F-deficient virus. Cell lysates were mixed with cationic 

10 liposome; the lysates were prepared by freeze/thaw from cells 
reconstituted under conditions in which functional RNP is formed 
(condition where pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L are 
transfected at the same time) or conditions under which functional 
RNP is riot formed (conditions in which two plasmids, pSeV18 + /AF-GFP 

15 and pGEM/NP, are transfected) as described above; the lysates were 
lipofected into F-expressing cells and non-expressing cells; the 
generation of virus particles was observed based on the expansion 
of the distribution of GFP-expressing cells. The result showed that 
the expansion of distribution of GFP-expressing cells was recognized 

20 only when the introduction to the F-expressing cells was carried out 
by using a lysate obtained under condition in which functional RNP 
is reconstituted (Figure 7) . Furthermore, even in plaque assay, the 
plaque formation was seen only under the same conditions. From these 
results, it was revealed that functional RNPs generated from 

25 F-deficient virus genome were further converted into infective virus' 
particles in the presence of F protein derived from F-expressing cells 
and the particles were released from the cells. 

The demonstration of the presence of infective F-deficient 
virions in the culture supernatant was carried out by the following 

30 experiment. The lysate comprising the functional RNP constructed 
from the F gene deficient genome was lipofected to F-expressing cells 
as described in Example 2, and the culture supernatant was recovered. 
This culture supernatant was added to the medium of F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 

35 was recovered and concurrently added to both F-expressing cells and 
cells that did not express F; and then the cells were cultured in 
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the presence or absence of trypsin for three days. In F-expressing 
cells, viruses were amplified only in the presence of trypsin (Figure 
8) . It was also revealed that non-infectious virus particles were 
released into the supernatant of cells that do not express F (in the 

5 bottom panel of Figure 9) or from F-expressing cells cultured in the 
absence of trypsin . A summary of the descriptions above is as follows : 
the growth of F-deficient GFP-expressing viruses is specific to 
F-expressing cells and depends on the proteolysis with trypsin. The 
titer of infective F-deficient Sendai virus thus grown ranged from 

10 0.5x 10 7 to lx 10 7 ClU/ml. 

[Example 4] Analysis of F-deficient GFP-expressing virus 

In order to confirm the genomic structure of virions recovered 
from F-deficient cDNA, viruses were recovered from the culture 

15 supernatant of the F-expressing cells, the total RNA was extracted 
and then Northern blot analysis was conducted by using F and HN as 
probes. The result showed that the HN gene was detectable, but the 
F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not 

20 present in the viral genome (Figure 10) . Further, by RT-PCR GFP, it 
was confirmed that the gene was present in the deleted locus for F 
as shown in the construction of the cDNA (Figure 11) and that the 
structures of other genes were the same as those from the wild type. 
Based on- the findings above, it was shown that no rearrangement of 

25 the genome had occurred during the virus reconstitution. In addition, 
the morphology of recovered F-deficient virus particles was examined 
by electron microscopy. Like the wild type virus, F-deficient virus 
particles had the helical RNP structure and spike-like structure 
inside (Figure 14) . Further, the viruses were examined by 

30 immuno-electron microscopy with gold colloid-conjugated IgG (anti-F, 
anti-HN) specifically reacting to F or HN. The result showed that 
the spike-like structure of the envelope of the virus comprised F 
and HN proteins (Figure 12), which demonstrated that F protein 
produced by the helper cells was efficiently incorporated into the 

35 virions. The result will be described below in detail. 

Extraction of total RNA, Northern blot analysis, and RT-PCR> 
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Total RNA was extracted from culture supernatant obtained 3 days 
after the infection of F-expressing cell LLC-MK2/F7 with the viruses 
by using QIAamp Viral RNA mini kit (QIAGEN) according to the protocol . 
The purified total RNA (5 jig) was separated by electrophoresis in 
a 1% denaturing agarose gel containing formaldehyde, and then 
transferred onto a Hybond-N+ membrane in a vacuum blotting device 
(Amer sham- Pharmacia) . The prepared membrane was fixed with 0.05 M 
NaOH, rinsed with 2-fold diluted SSC buffer (Nacalai tesque) , and 
then was subjected to pre-hybridization in a hybridization solution 
(Boehringrer Mannheim) for 30 minutes; a probe for the F or HN gene 
prepared by random prime DNA labeling (DIG DNA Labeling Kit; 
Boehringer Mannheim) using digoxigenin (DIG)-dUTP (alkaline 
sensitive) was added thereto and then hybridization was performed 
for 16 hours. Then, the membrane was washed, and allowed to react 
to alkaline phosphatase-conjugated anti-DIG antibody 
(anti-digoxigenin-AP) ; the analysis was carried out by using a DIG 
detection kit. The result showed that the HN gene was detectable but 
the F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not 
present in the viral genome (Figure 10) . 

Further, detailed analysis was carried out by RT-PCR. In the 
RT-PCR, first strand cDNA was synthesized from the purified virus 
RNA by using SUPERSCRIPTII Preamplif ication System (Gibco BRL) 
according to the protocol; the following PCR condition was employed 
with LA PCR kit (TAKARA ver2.1): 94°C/3 min; 30 cycles for the 
amplification of 94°C/45 sec, 55°C/45 sec,72°C/90 sec; incubation 
at 72°C for 10 minutes; then the sample was electrophoresed in a 2% 
agarose gel at 100 v for 30 minutes, the gel was stained with ethidium 
bromide for a photographic image. Primers used to confirm the M gene 
and EGFP inserted into the F-deficient site were forward 1: 
5' -atcagagacctgcgacaatgc (SEQ ID NO: 8) and reverse 1: 
5 ! -aagtcgtgctgcttcatgtgg(SEQ ID NO: 9) ; primers used to confirm EGFP 
inserted into the F-deficient site and the HN gene were forward 2: 
5' -acaaccactacctgagcacccagtc (SEQ ID NO: 10) and reverse 2: 
5 1 -gcctaacacatccagagatcg (SEQ ID NO: 11); and the junction between 
the M gene and HN gene was confirmed by using forward 3: 
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5 f -acattcatgagtcagctcgc (SEQ ID NO: 12) and reverse 2 primer (SEQ 
ID NO: 11) . The result showed that the GFP gene was present in the 
deficient locus for F as shown in the construction of the cDNA (Figure 
11) and that the structures of other genes were the same as those 
5 from the wild type (Figure 13) . From the findings shown above, it 
is clarified that no rearrangement of the genome had resulted during 
the virus reconstitution. 

< Electron microscopic analysis with gold colloid-conjugated 
immunoglobulin > 

10 The morphology of recovered F-deficient virus particles were 

examined by electron microscopy . First, culture supernatant of cells 
infected with the deficient viruses was centrifuged at 28,000 rpm 
for 30 minutes to obtain a virus pellet; then the pellet was 
re-suspended in 10-fold diluted PBS at a concentration of lx 10 9 

15 HAU/ml; one drop of the suspension was dropped on a microgrid with 
a supporting filter and then the grid was dried at room temperature; 
the grid was treated with PBS containing 3.7% formalin for 15 minutes 
for fixation and then pre-treated with PBS solution containing 0.1% 
BSA for 30 minutes; further, anti-F monoclonal antibody (f236) or 

20 anti-HN monoclonal antibody (Miura, N. et al . , Exp. Cell Res. (1982) 
141: 409-420) diluted 200-folds with the same solution was dropped 
on the grid and allowed to react under a moist condition for 60 minutes . 
Subsequently, the grid was washed with PBS, and then gold 
colloid-conjugated anti-mouse IgG antibody diluted 2 00-folds was 

25 dropped and allowed to react under a moist condition for 60 minutes. 
Subsequently, the grid was washed with PBS and then with distilled 
sterile water, and air-dried at room temperature; 4% uranium acetate 
solution was placed on the grid for the staining for 2 minutes and 
the grid was dried; the sample was observed and photographed in a 

30 JEM-1200EXII electron microscope (JEOL.). The result showed that the 
spike-like structure of the envelope of the virus comprised F and 
HN proteins (Figure 12), which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
In addition, like the wild type virus, F-deficient virus particles 

35 had a helical RNP structure and a spike-like structure inside (Figure 
14) . 
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[Example 5] High-efficiency gene transfer to a variety of cells via 
F-deficient SeV vector in vitro 

introduction into primary culture cells of rat cerebral cortex nerve 
5 cells> 

Primary culture cells of rat cerebral cortex neurons were 
prepared and cultured as follows: an SD rat (SPF/VAF Cr j : CD, female, 
332 g, up to 9-week old; Charles River) on the eighteenth day of 
pregnancy was deeply anesthetized by diethyl ether, and then 

10 euthanized by bloodletting from axillary arteries. The fetuses were 
removed from the uterus after abdominal section. The cranial skin 
and bones were cut and the brains were taken out. The cerebral 
hemispheres were transferred under a stereoscopic microscope to a 
working solution DMEM (containing 5% horse serum, 5% calf serum and 

15 10% DMSO) ; they were sliced and an ice-cold papain solution (1.5 U, 
0.2 mg of cysteine, 0.2 mg of bovine serum albumin, 5 mg glucose, 
DNase of 0.1 mg/ml) was added thereto; the solution containing the 
sliced tissues was incubated for 15 minutes while shaking by inverting 
the vial every 5 minutes at 32 °C. After it was verified that the 

20 suspension became turbid enough and the tissue sections became 
translucent, the tissue sections were crushed into small pieces by 
pipetting. The suspension was centrifuged at 1200 rpm at 32 °C for 
5 minutes, and then the cells were re-suspended in B27-supplemented 
neural basal medium (GibcoBRL, Burlington, Ontario, Canada) . The 

25 cells, were plated on a plate coated with poly-d-lysine (Becton 
Dickinson Labware, Bedford, MA, U.S.A.) at a density of lx 10 5 
cells/dish and then cultured at 37°C under 5% C0 2 . 

After the primary culture of nerve cells from cerebral cortex 
(5x 10 5 /well) were cultured for 5 days, the cells were infected with 

30 F-deficient SeV vector (moi=5) and further cultured for three days. 
The cells were fixed in a fixing solution containing 1% 
paraformaldehyde, 5% goat serum, and 0 . 5% Triton-X at room temperature 
for five minutes. Blocking reaction was carried out for the cells 
by using BlockAce (Snow Brand Milk Products) at room temperature for 

35 2 hours, and then incubated with 500-fold diluted goat anti-rat 
microtubule-associated protein 2 (MAP-2) (Boehringer) IgG at room 
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temperature for one hour. Further, the cells were washed three times 
with PBS(-) every 15 minutes and then were incubated with 
cys3-conjugated anti-mouse IgG diluted 100-folds with 5% goat 
serum/PBS at room temperature for one hour. Further, after the cells 
5 were washed three times with PBS (-) every 15 minutes, Vectashield 
mounting medium (Vector Laboratories, Burlingame, U.S.A.) was added 
to the cells; the cells, which had been double-stained with MAP-2 
immuno staining and GFP fluorescence, were f luorescently observed 
by using a confocal microscope (Nippon Bio-Rad MRC 1024, Japan) and 

10 an inverted microscope Nikon Diaphot 300 equipped with excitation 
band-pass filter of 470-500-nm or 510-550-nm. The result showed that 
GFP had been introduced in nearly 100% nerve cells that were 
MAP2-positive (Figure 15) . 
introduction into normal human cells> 

15 Normal human smooth-muscle cells, normal human hepatic cells, 

and normal human pulmonary capillary endothelial cells (Cell Systems) 
were purchased from DAINIPPON PHARMACEUTICAL and were cultured with 
SFM CS-C medium kit (Cell Systems) at 37 °C under 5% C0 2 gas. 

Human normal cells, such as normal human smooth-muscle cells 

20 (Figure 15, Muscle), normal human hepatic cells (Figure 15, Liver), 
and normal human pulmonary capillary endothelial cells (Figure 15, 
Lung) , were infected with F-deficient SeV vector (m.o.i=5) , and then 
the expression of GFP was observed. It was verified that the 
introduction efficiency was nearly 100% and the GFP gene was expressed 

25 at very high levels in all the cells (Figure 15) . 

introduction into mouse primary bone marrow cells> 

Further, an experiment was conducted, in which mouse primary 
bone marrow cells were separated by utilizing lineage markers and 
were infected with F-deficient SeV vector. First, 5-f luorouracil 

30 (5-FU, Wako Pure Chemical Industries) was given to C57BL mouse (6-week 
old male) at a dose of 150 mg/kg by intraperitoneal injection (IP 
injection); 2 days after the administration, bone marrow cells were 
collected from the thighbone. The mononuclear cells were separated 
by density gradient centrif ugation using Lympholyte-M (Cedarlane) . 

35 A mixture (3x 10 7 ) of Streptavidin-magnetic beads (Pharmingen; 
Funakoshi), which had been coated with biotin-labeled anti-CD45R 
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(B220), anti-Ly6G (Gr-1) , anti-Ly-76 (TER-119) , anti-1 (Thyl.2), and 
anti-Mac-1, were added to the mononuclear cells (3x 10 6 cells) , and 
the resulting mixture was allowed to react at 4 °C for 1 hour; a fraction, 
from which Lin + cells had been removed by a magnet, was recovered (Lin" 
5 cells) (Erlich, S. etal., Blood 1999. 93 (1), 80-86). SeV of 2x 10 7 
HAU/ml was added to 4x 10 5 cells of Lin" cell, and further recombinant 
rat SCF (100 ng/ml, BRL) and recombinant human IL-6 (100 U/ml) were 
added thereto. In addition, F-deficient SeV of 4x 10 7 HAU/ml was added 
to 8x 10 5 of total bone marrow cells, and GFP-SeV of 5x 10 7 HAU/ml 

10 was added to lx 10 6 cells. GFP-SeV was prepared by inserting a 
PCR-amplif ied NotI fragment, which contains the green fluorescence 
protein (GFP) gene (the length of the structural gene is 717 bp) to 
which a transcription initiation (Rl), a termination (R2) signal and 
an intervening (IG) sequence are added, at the restriction enzyme 

15 Notl-cleavage site of SeV transcription unit pUC18/T7HVJRz . DNA ( + 18) 
(Genes Cells, 1996, 1: 569-579). The reconstitution of viruses 
comprising the GFP gene was performed according to a known method 
(Genes Cells, 1996, 1: 569-579), using LLC-MK2 cells and embryonated 
egg, and then the viruses comprising the gene of interest were 

20 recovered. After a 48-hour culture following the infection with 
GFP-SeV, the cells were divided into two groups; one of them was 
allowed to react to phycoerythrin (PE) -labeled anti-CD117 (c-kit; 
Pharmingen) for 1 hour; the other was a control group. The cells were 
washed 3 times with PBS then were analyzed in a flow cytometer (EPICS 

25 Elite ESP; Coulter, Miami, FL) . 

The result showed that F-deficient SeV vector was also infected 
to bone marrow cells enriched by anti-c-kit antibody that has been 
utilized as a marker for blood primitive stem cells and the expression 
of the GFP gene was observed (Figure 16) . The presence of infective 

30 particles in the culture supernatant was confirmed by determining 
the presence of GFP-expressing cells three days after the addition 
of cell culture supernatant treated with trypsin to LLC-MK2 cells. 
It was clarified that none of these cells released infective virus 
particles . 

35 

[Example 6] Vector administration into rat cerebral ventricle 
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Rats (F334/Du Cr j , 6 week old, female, Charles River) were 
anesthetized by intraperitoneal inj ection of Nembutal sodium solution 
(Dainabot) diluted 10 folds (5 mg/ml) with physiological saline 
(Otsuka Pharmaceutical Co., Ltd.). Virus was administrated using 
5 brain stereotaxic apparatus for small animals (DAVID KOPF) . 20 fil 
(10 8 CIU) were injected at the point 5.2 mm toward bregma from 
interaural line, 2 . 0 mm toward right ear from lambda, 2.4 mm beneath 
the brain surface, using 30G exchangeable needles (Hamilton) . A high 
level expression of GFP protein was observed in ventricle ependymal 

10 cells (Figure 17) . Furthermore, in the case of F deficient SeV vector, 
the expression of GFP protein was observed only in ependymal cells 
or nerve cells around the injection site, which come into contact 
with the virus, and no lesion was found in this region. Abnormality 
in behavior or changes in body weight were not observed in the 

15 administered rats until dissection. After dissection, ho lesion was 
found in the brain or in any of the tissues and organs analyzed, such 
as liver, lung, kidney, heart, spleen, stomach, intestine, and so 
forth. 

20 [Example 7] Formation of F-less virus particles from F deficient SeV 
genome 
<1> 

F non-expressing LLC-MK2 cells and F expressing LLC-MK2 cells 
(LC-MK2/F7) were infected with F deficient SeV virus and cultured 

25 with ( + ) and without (-) trypsin. The result of HA assay of cell 
culture supernatant after 3 days is shown in Figure 18A. The culture 
supernatants were inoculated to embryonated chicken eggs, and the 
result of HA assay of chorioallantoic fluids after a 2 day-culture 
is shown in Figure 18B. "C" on top of panel indicates PBS used as 

30 the control group. The numbers indicated under ''Dilution" indicates 
the dilution fold of the virus solution. Further, HA-positive 
chorioallantoic fluids in embryonated chicken eggs (lanes 11 and 12) 
was reinoculated into embryonated chicken eggs, and after culturing 
for two days, the chorioallantoic fluid was examined with HA assay 

35 (Figure 19C) . As a result, F non-expressing cells or embryonated 
chicken eggs infected with F deficient SeV virus were found to be 
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HA-positive. However, viruses had not propagated after 

re-inoculation to embryonated chicken eggs, proving that the 
HA-positive virus solution does not have secondary infectivity. 
<2> 

5 The non-infectious virus solution amplified in F non-expressing 

cells was examined for the existence of virus particles. Northern 
blot analysis was performed for total RNA prepared from the culture 
supernatant of F expressing cells, HA-positive, non-infectious 
chorioallantoic fluid, and wildtype SeV by QIAamp viral RNA mini kit 

10 (QIAGEN) , using the F gene and HN gene as probes. As a result, bands 
were detected for RNA derived from chorioallantoic fluid or virus 
in culture supernatant of F expressing cells when the HN gene was 
used as the probe, whereas no bands were detected when using the F 
gene probe (Figure 10) . It was proven that the HA-positive, 

15 non-infectious fluid has non-infectious virus-like particles with 
an F deficient genome. Further, analysis of the HA-positive, 
non-infectious virus solution by an immunoelectron microscopy 
revealed the existence of virus particles, and the envelope of virion 
reacted to the antibody recognizing gold colloid-labeled HN protein, 

20 but not to the antibody recognizing gold colloid-labeled F protein 
(Figure 20) . This result showed the existence of F-less virions, 
proving that the virus can be formed as a virion with HN protein alone, 
even without the existence of the F protein. It has been shown that 
SeV virion can form with F alone (Leyer, S. et al., J Gen. Virol 7 9, 

25 683-687 (1998)), and the present result proved for the first time 
that SeV virion can be formed with HN protein alone. Thus, the fact 
that F-less virions can be transiently produced in bulk in embryonated 
chicken eggs shows that virions packaging SeV F deficient RNP can 
be produced in bulk. 

30 <3> 

As described above, F-less virus virions transiently amplified 
in embryonated chicken eggs are not at all infective towards cells 
infected by the Sendai virus. To confirm that functional RNP 
structures are packaged in envelopes, F expressing cells and 
35 non-expressing cells were, mixed with cationic liposome (DOSPER, 
Boehringer mannheim) and transfected by incubation for 15 minutes 
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at room temperature. As a result, GFP-expressing cells were not 
observed at all when the cells are not mixed with the cationic liposome, 
whereas all cells expressed GFP when mixed with cationic liposome. 
In F non-expressing cells, GFP expression was seen only in individual 
5 cells and did not extend to adjacent cells, whereas in F expressing 
cells, GFP-expressing cells extended to form colonies (Figure 21) . 
Therefore, it became clear that non-infectious virions transiently 
amplified in embryonated chicken eggs could express a gene when they 
are introduced into cells by methods such as transf ection. 

10 

[Example 8] Reconstitution and amplification of the virus from 
FHN-def icient SeV genome 

Construction of FHN-def icient genomic cDNA> 

To construct FHN-def icient SeV genomic cDNA (pSeV18 + /AFHN) , 

15 pUC18/KS was first digested with EcoRI to construct pUC18/Eco, and 
then whole sequence from start codon of F gene to stop codon of HN 
gene (4866-8419) was deleted, then it was ligated at BsiwI site 
(cgtacg) . After the sequence of FHN deleted region was confirmed by 
base sequencing, EcoRI fragment (4057 bp) was recovered from gels 

20 to substitute for EcoRI fragment of pUC18/KS to accomplish the 
construction. A KpnI/SphI fragment (14 673 bp) comprising the FHN 
deleted region was recovered from gels to substitute for KpnI/SphI 
fragment of pSeV18 + to obtain plasmid pSeV18 + /AFHN . 

On the other hand, the construction of FHN-def icient SeV cDNA 

25 introduced with GFP was accomplished as follows. Sall/Xhol fragment 
(7842 bp) was recovered from pSeV18 + /AFHN, and cloned into pGEMUZ 
(Promega) . The resultant plasmid was named as pGEMUZ/SXdFHN . To 
the FHN-def icient site of pGEMUZ/SXdFHN, PCR product with Bsixl sites 
at both ends of ATG-TAA (84 6 bp) of d2EGFP (Clontech) was ligated 

30 by digesting with Bsixl enzyme. The resultant plasmid was named as 
pSeV18 + /AFHN-d2GFP. 

Establishment of FHN-def icient , protein co-expressing cell line> 
The plasmid expressing F gene is identical to the one used for 
establishment of F deficient, protein co-expressing cell line, and 
35 plasmid expressing HN gene was similarly constructed, and the fragment 
comprising ORF of HN was inserted to unique Swal site of pCALNdlw 
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(Arai et al . , described above) to obtain plasmid named pCALNdLw/HN . 

LLC-MK2 cells were mixed with same amount or different ratio 
of pCALNdLw/F and pCALNdLw/HN , to introduce genes using mammalian 
transfection kit (Stratagene) , according to the manufacture's 

5 protocol. Cells were cloned after a three week-selection with G418. 
Drug resistant clones obtained were infected with a recombinant 
adenovirus (Ade/Cre, Saito et al . , described above) (moi=10) , which 
expresses Cre DNA recombinase. Then the cells were collected 3 days 
after inducing expression of F and HN protein after washing 3 times 

10 with PBS(-), and they were probed with monoclonal IgG of anti-SeV 
F protein and anti-SeV HN protein by using Western blotting method 
(Figure 22) . 

Construction of pGEM/FHN> 

F and HN fragments used for the construction of pCALNdLw/F and 

15 pCALNdLw/HN were cloned into pGEM4Z and pGEM3Z (Promega) to obtain 
pGEM4Z/F and pGEM3Z/HN, respectively. A fragment obtained by PvuII 
digestion of the region comprising T7 promoter and HN of pGEM3Z/HN 
was recovered, and ligated into the blunted site cut at the Sad unique 
site at the downstream of F gene of pGEM4Z/F. F and HN proteins were 

20 confirmed by Western blotting using anti-F or anti-HN monoclonal 
antibodies to be expressed simultaneously when they were aligned in 
the same direction. 

<Reconstitution of FHN-def icient virus> 

The reconstitution of FHN-def icient viruses (P0) was done in 

25 two ways. One was using the RNP transfection method as used in the 
reconstitution of F deficient virus, and the other was using T7 to 
supply co-expressing plasmids. Namely, under the regulation of T7 
promoter, plasmids expressing F and HN proteins were constructed 
separately, and using those plasmids F and HN proteins were supplied 

30 for the reconstitution. In both methods, reconstituted viruses were 
amplified by FHN coexpressing cells. FHN-def icient , GFP-expressing 
SeV cDNA (pSeV18 + /AFHN-d2GFP) , pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN 
were mixed in the ratio of 12 fig/ 10 cm dish, 4 |ig/10 cm dish, 2 jxg/10 
cm dish, 4 jig/10 cm dish, and 4 |ig/10 cm dish (final total volume, 

35 3 ml/10 cm dish) for gene introduction into LLC-MK2 cells in the same 
way as F deficient SeV reconstitution described above. Three hours 
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after the gene introduction, media was changed to MEM containing AraC 
(40 fig/ml, SIGMA) and trypsin (7.5^ig/ml, GIBCO) , and cultured further 
for 3 days. Observation was carried out by fluorescence stereoscopic 
microscope 2 days after gene introduction. The effect of pGEM/FHN 
5 addition was analyzed, and the virus formation was confirmed by the 
spread of GFP-expressing cells. As a result, a spread of 
GFP-expressing cells was observed when pGEM/FHN was added at 
reconstitution, whereas the spread was not observed when pGEM/FHN 
was not added, and the GFP expression was observed only in a single 

10 cell (Figure 23) . It is demonstrated that the addition at FHN protein 
reconstitution caused virus virion formation. On the other hand, in 
the case of RNP transf ection, virus recovery was successfully 
accomplished in FHN expressing cells of PI, as in the case of F 
deficiency (Figure 24, upper panel) . 

15 Virus amplification was confirmed after infection of 

FHN-def icient virus solution to cells induced to express FHN protein 
6 hours or more after Ade/Cre infection (Figure 24, lower panel) . 

Solution of viruses reconstituted from FHN-def icient 
GFP-expressing SeV CDNA was infected to LLC-MK2, LLC-MK2/F, 

20 LLC-MK2/HN and LLC-MK2/FHN cells, and cultured with or without the 
addition of trypsin. After 3 days of culture, spread of GFP protein 
expressing cells was analyzed. As a result, spread of GFP was observed 
only in LLC-MK2/FHN, confirming that the virus solution can be 
amplified specifically by FHN co-expression and in a trypsin dependent 

25 manner (Figure 25) . 

To confirm FHN-def icient viral genome, culture supernatant 
recovered from LLC-MK2/FHN cells was centrifuged, and RNA was 
extracted using QIAamp Viral RNA mini kit (QIAGEN) , according to 
manufacturer's protocol. The RNA was used for template synthesis of 

30 RT-PCR using Superscript Preamplif ication System for first Strand 
Synthesis (GIBCO BRL) , and PCR was performed using TAKARA Z-Taq 
(Takara) . F-def icient virus was used as a control group. PCR primer 
sets were selected as combination of M gene and GFP gene, or 
combination of M gene and L gene (for combination of M gene and GFP 

35 gene (M-GFP) , forward: 5 1 -atcagagacctgcgacaatgc / SEQ ID NO: 13, 
reverse: 5 1 -aagtcgtgctgcttcatgtgg / SEQ ID NO: 14; for combination 
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of M gene and L gene (M-L) , forward: 5 1 -gaaaaacttagggataaagtccc / 
SEQ ID NO: 15, reverse: 5 1 -gttatctccgggatggtgc / SEQ ID NO: 16) . As 
a result, specific bands were obtained for both F-deficient and 
FHN-def icient viruses at RT conditions when using M and GFP genes 
as primers. In the case of using M and L genes as primers, the bands 
with given size comprising GFP were detected for FHN deficient sample, 
and lengthened bands with the size comprising HN gene were detected 
for F deficient one. Thus, FHN deficiency in genome structure was 
proven (Figure 2 6) . 

On the other hand, FHN-def icient virus was infected to F 
expressing cells similarly as when using the F-deficient virus, and 
culture supernatant was recovered after 4 days to perform infection 
experiment toward LLC-MK2, LLC-MK2/F, and LLC-MK2/FHN. As a result, 
GFP expression cell was not observed in any infected cell, showing 
that the virus has no infectiousness to these cells. However, it has 
been already reported that F protein alone is enough to form virus 
particles (Kato, A. et al., Genes cells 1, 569-579 (1996)) and that 
asialoglycoprotein receptor (ASG-R) mediates specific infection to 
hepatocytes (Spiegel et al . , J. Virol 72, 5296-5302, 1998). Thus, 
virions comprising FHN-def icient RNA genome, with virus envelope 
configured with only F protein may be released to culture supernatant 
of F expressing cells. Therefore, culture supernatant of F 
expressing cells infected with FHN-def icient virus was recovered, 
and after centrif ugation, RNA was extracted as described above and 
analyzed by RT-PCR by the method described above. As a result, the 
existence of RNA comprising FHN-def icient genome was proved as shown 
in Figure 27. 

Western blotting analysis of virus virion turned into 
pseudotype with VSV-G clearly shows that F and HN proteins are not 
expressed. It could be said that herein, the production system of 
FHN-def icient virus virions was established. 

Moreover, virions released from F protein expressing cells were 
overlaid on FHN expressing or non-expressing LLC-MK2 cells with or 
without mixing with a cationic liposome (50 \xl DOSPER/500 nl/well) . 
As a result, spread of GFP-expressing cells was observed when overlaid 
as mixture with DOSPER, while HN-less virion only has no 
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infectiousness at all, not showing GFP-expressing cells, as was seen 
in the case of F-less particles described above. In FHN 
non-expressing cells GFP expressing cell was observed, but no evidence 
of virus re-formation and spread was found. 
5 These virus-like particles recovered from F expressing cells 

can infect cells continuously expressing ASG-R gene, ASG-R 
non-expressing cells, or hepatocytes, and whether the infection is 
liver-specific or ASG-R specific can be examined by the the method 
of Spiegel et al. 

10 

[Example 9] Application of deficient genome RNA virus vector 

1. F-deficient RNP amplified in the system described above is 
enclosed by the F-less virus envelope . The envelope can be introduced 
into cells by adding any desired cell-introducing capability to the 

15 envelope by chemical modification methods and such, or by gene 
introducing reagents or gene guns or the like (RNP transf ection, or 
RNP injection) , and the recombinant RNA genome can replicate and 
produce proteins autonomously and continuously in the cells. 

2. A vector capable of specific targeting can be produced, when 
20 intracellular domain of HN is left as-is, and the extracellular domain 

of HN is fused with ligands capable of targeting other receptors in 
a specific manner, and recombinant gene capable of producing chimeric 
protein is incorporated into viral-genome. In addition, the vector 
can be prepared in cells producing the recombinant protein. These 
25 vectors can be applicable to gene therapy, as vaccines, or such. 

3. Since the reconstitution of SeV virus deficient in both FHN has 
been successfully accomplished, targeting vector can be produced by 
introducing targeting-capable envelope chimeric protein gene into 
FHN deletion site instead of the GFP gene, reconstituting it by the 

30 same method as in the case of FHN-def icient vector, amplifying the 
resultant once in FHN-expressing cells, infecting the resultant to 
non-expressing cells, and recovering virions formed with only the 
targeting-capable chimeric envelope protein transcribed from the 
viral-genome . 

35 4. A mini-genome of Sendai virus and a virion formed with only F 

protein packaging mini-genome by introducing NP, P, L and F gene to 
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cells have been reported (Leyer et al. , J Gen. Virol 79, 683-687, 1998) . 
A vector in which murine leukemia virus is turned into pseudo-type 
by Sendai F protein has also been reported (Spiegel et al., J. Virol 
72, 5296-5302, 1998) . Also reported so far is the specific targeting 
5 of trypsin-cleaved F-protein to hepatocytes mediated by ASG-R (Bitzer 
et al. , J. Virol. 71, 54 81-548 6, 1997) . The systems in former reports 
are transient particle-forming systems, which make it difficult to 
continuously recover vector particles. Although Spiegel et al. has 
reported retrovirus vector turned into pseudo-type by Sendai F protein, 
. 10 this method carries intrinsic problems like the retrovirus being able 
to introduce genes to only mitotic cells. The virus particles 
recovered in the present invention with a FHN co-deficient SeV 
viral-genome and only the F protein as the envelope protein are 
efficient RNA vectors capable of autonomous replication in the 
15 cytoplasm irrespective of cell mitosis. They are novel virus 
particles, and is a practical system facilitating mass production. 

[Example 10] Virus reconstitution and amplification from 
FHN-def icient SeV genome 
20 The techniques of reconstitution of infectious virus particles 

from cDNA that cloned the viral genome has been established for many 
single strand minus strand RNA viruses such as the Sendai virus, 
measles virus. 

In most of the systems, reconstitution is carried out by 
25 introducing plasmids introduced with cDNA, NP, P, and L genes at the 
downstream of T7 promoter into cells and expressing cDNA and each 
gene using T7 polymerase. To supply T7 polymerase, recombinant 
vaccinia virus expressing T7 polymerase is mainly used. 

T7 expressing vaccinia virus can express T7 polymerase 
30 efficiently in most cells. Although, because of vaccinia 
virus-induced cytotoxicity, infected cells can live for only 2 or 
3 days . In most cases, rif ampicin is used as an anti-vaccinia reagent . 
In the system of Kato et al. (Kato, A. et al., Genes cells 1, 569-579 
(1996)), AraC was used together with rifampicin for inhibiting 
35 vaccinia virus growth to a minimum level, and efficient reconstitution 
of Sendai virus. 
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However, the reconstitution efficiency of minus strand RNA 
virus represented by Sendai virus is several particles or less in 
lx 10 5 cells, far lower than other viruses such as retroviruses. 
Cytotoxicity due to the vaccinia virus and the complex reconstitution 

5 process (transcribed and translated protein separately attaches to 
bare RNA to form RNP-like structure, and after that, transcription 
and translation occurs by a polymerase) can be given as reasons for 
this low reconstitution efficiency. 

In addition to the vaccinia virus, an adeno virus system was 

10 examined as a means for supplying T7 polymerase, but no good result 
was obtained. Vaccinia virus encodes RNA capping enzyme functioning 
in cytoplasm as the enzyme of itself in addition to T7 polymerase 
and it is thought that the enzyme enhances the translational 
efficiency by capping the RNA transcribed by T7 promoter in the 

15 cytoplasm. The present invention tried to enhance the reconstitution 
efficiency of Sendai virus by treating vaccinia virus with 
Psoralen-Long-Wave-UV method to avoid cytotoxicity due to the 
vaccinia virus. 

By DNA cross-linking with Psoralen and long-wave ultraviolet 

20 light, the state in which the replication of virus with DNA genome 
is inhibited, without effecting early gene expression in particular, 
can be obtained. The notable effect seen by inactivation of the virus 
in the system may be attributed to that vaccinia virus having a long 
genome (Tsung, K. et al . , J Virol 70, 165-171 (1996)). 

25 In the case of wildtype virus that can propagate autonomously, 

even a single particle of virus formed by reconstitution makes it 
possible for Sendai virus to be propagated by inoculating transfected 
cells to embryonated chicken eggs. Therefore, one does not have to 
consider of the efficiency of reconstitution and the residual vaccinia 

30 virus seriously. 

However, in the case of reconstitution of various mutant viruses 
for researching viral replication, particle formation mechanism, and 
so on, one may be obligated to use cell lines expressing a protein 
derived from virus and such, not embryonated chicken eggs, for 

35 propagation of the virus. Further, it may greatly possible that the 
mutant virus or deficient virus propagates markedly slower than the 
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wild type virus. 

To propagate Sendai virus with such mutations, transfected 
cells should be overlaid onto cells of the next generation and cultured 
for a long period. In such cases, the reconstitution efficiency and 

5 residual titer of vaccinia virus may be problematic. In the present 
method, titer of surviving vaccinia virus was successfully decreased 
while increasing reconstitution efficiency. 

Using the present method, a mutant virus that could have not 
been ever obtained in the former system using a non-treated vaccinia 

10 virus was successfully obtained by reconstitution (F, FHN-def icient 
virus) . The present system would be a great tool for the 
reconstitution of a mutant virus, which would be done more in the 
future. Therefore, the present inventors examined the amount of 
Psoralen and ultraviolet light (UV) , and the conditions of vaccinia 

15 virus inactivation . 
<Experiment> 

First, Psoralen concentration was tested with a fixed 
irradiation time of 2 min. Inactivation was tested by measuring the 
titer of vaccinia virus by plaque formation, and by measuring T7 

20 polymerase activity by pGEM-luci plasmid under the control of T7 
promoter and mini-genome of Sendai virus. The measurement of T7 
polymerase activity of mini-genome of Sendai virus is a system in 
which cells are transfected concomitantly with plasmid of mini-genome 
of Sendai virus and pGEM/NP, pGEM/P, and pGEM/L plasmids, which 

25 express NP-, P-, and L-protein of Sendai virus by T7, to examine 
transcription of lucif erase enzyme protein by RNA polymerase of Sendai 
virus after the formation of ribonucleoprotein complex. 

After the 2 min UV irradiation, decrease in titer of vaccinia 
virus depending on psoralen concentration was seen. However, T7 

30 polymerase activity was unchanged for a Psoralen concentration up 
to 0, 0.3, and 1 ng/ml, but decreased approximately to one tenth at 
10 fig /ml (Figure 28) . 

Furthermore, by fixing Psoralen concentration to 0.3 fig /ml, UV 
irradiation time was examined. In accordance with the increase of 

35 irradiation time, the titer of vaccinia virus was decreased, although 
no effect on T7 polymerase activity was found up to a 30 min irradiation . 
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In this case, under the conditions of 0 . 3 fig/ml and 30 min irradiation, 
titer could be decreased down to 1/1000 without affecting T7 
polymerase activity (Figure 29) . 

However, in vaccinia virus with a decreased titer of 1/1000, 

5 CPE 24 hours after infection at moi=2 calibrated to pretreatment titer 
(moi=0.002 as residual titer after treatment) was not different from 
that of non-treated virus infected at moi=2 (Figure 30) . 

Using vaccinia virus treated under the conditions described 
above, the efficiency of reconstitution of Sendai virus was examined. 

10 Reconstitution was carried out by the procedure described below, 
modifying the method of Kato et al. mentioned above. LLC-MK2 cells 
were seeded onto 6-well microplates at 3x 10 5 cells/well, and after 
an overnight culture, vaccinia virus was diluted to the titer of 6x 
10 5 pfu/100 p,l calibrated before PLWUV treatment, and infected to 

15 PBS-washed cells. One hour after infection, 100 ^1 of OPTI-MEM added 
withl, 0.5, 1, and 4 jig of plasmid pGEM-NP, P, L, and cDNA, respectively, 
was further added with 10 ^1 Superfect (QIAGEN) and left standing 
for 15 min at room temperature, and after adding 1 ml OPTI-MEM (GIBCO) 
(containing Rif. and AraC) , was overlaid onto the cells. 

20 Two, three and four days after transf ection, cells were 

recovered, centrifuged, and suspended in 300 ^il/well of PBS. 100 jil 
of cell containing solution made from the suspension itself, or by 
diluting the suspension by 10 or 100 folds, was inoculated to 
embryonated chicken eggs at day 10 following fertilization, 4 eggs 

25 for each dilution (Ix 10 5 , lx 10 4 , and Ix 10 3 cells, respectively). 
After 3 days, allantoic fluid was recovered from the eggs and the 
reconstitution of virus was examined by HA test (Table 1) . Eggs with 
HA activity was scored as 1 point, 10 points and 100 points for eggs 
inoculated with lx 10 5 , lx 10 4 , and lx 10 3 cells, respectively, to 

30 calculate the Reconstitution Score (Figure 31) . The formula is as 
shown in Table 1. 

Table 1. Effect of the duration of UV treatment of vaccinia virus 
on reconstitution efficiency of Sendai virus 

35 
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Also, residual titers of vaccinia virus measured at 2, 3, and 
4 days after transfection within cells were smaller in the treated 
5 group in proportion to the titer given before transfection (Figure 
32) . 

By inactivating vaccinia virus by PLWUV, titer could be 
decreased down to 1/1000 without affecting T7 polymerase activity. 
However, CPE derived from vaccinia virus did not differ from that 
10 of non-treated virus with a 1000 fold higher titer as revealed by 
microscopic observations. 

Using vaccinia virus treated with the condition described above 
for reconstitution of Sendai virus, reconstitution efficiency 
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increased from ten to hundred folds (Figure 31) . At the same time, 
residual titer of vaccinia virus after transfection was not 5 pfu/10 5 
cells or more. Thus, the survival of replicable vaccinia virus was 
kept at 0.005% or less. 

5 

[Example 11] Construction of pseudotype Sendai virus 
<1> Preparation of helper cells in which VSV-G gene product is induced 
Because VSV-G gene product has a cytotoxicity, stable 
transf ormant was created in LLC-MK2 cells using plasmid pCALNdLG (Arai 

10 T. et al., J. Virology 72 (1998) plll5-1121) in which VSV-G gene 
product can be induced by Cre recombinase . Introduction of plasmid 
into LLC-MK2 cells was accomplished by calcium phosphate method 
(CalPhosTMMammalian Transfection Kit, Clontech) , according to 
accompanying manual. 

15 Ten micrograms of plasmid pCALNdLG was introduced into LLOMK2 

cells grown to 60% confluency in a 10 cm culture dish. Cells were 
cultured for 24 hours with 10 ml MEM-FCS 10% medium in a 5% C0 2 incubator 
at 37 °C. After 24 hours, cells were scraped o'ff and suspended in 10 
ml of medium, and then using five 10 cm culture dishes, 1, 2 and 2 

20 dishes were seeded with 5 ml, 2 ml and 0.5 ml, respectively. Then 
they were cultured for 14 days in 10 ml MEM-FCS 10% medium containing 
1200 |i.g/ml G418 (GIBCO-BRL) with a medium change on every other day 
to select stable transf ormants . Twenty-eight clones resistant to 
G418 grown in the culture were recovered using cloning rings. Each 

25 clone was expanded to confluency in a 10 cm culture dish. 

For each clone, the expression of VSV-G was examined by Western 
blotting described below using anti-VSV-G monoclonal antibody, after 
infection with recombinant adenovirus AxCANCre containing Cre 
recombinase . 

30 Each clone was grown in a 6 cm culture dish to confluency, and 

after that, adenovirus AxCANCre was infected at MOI=10 by the method 
of Saito et al. (see above) , and cultured for 3 days. After removing 
the culture supernatant, the cells were washed with PBS, and detached 
from the culture dish by adding 0 . 5 ml PBS containing 0.05% trypsin 

35 and 0.02% EDTA ( ethylenediaminetetraacetic acid) and incubating at 
37°C, 5 min. After suspending in 3 ml PBS, the cells were collected 
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by centrifugation at 1500x g, 5 min. The cells obtained were 
resuspended in 2 ml PBS, and then centrifuged again at 1500x g, 5 
min to collect cells. 

The cells can be stored at -20°C, and can be used by thawing 
5 according to needs. The collected cells were lysed in 100 ^1 cell 
lysis solution (RIPA buffer, Boehringer Mannheim) , and using whole 
protein of the cells (Ix 10 5 cells per lane) Western blotting was 
performed. Cell lysates were dissolved in SDS-polyacrylamide gel 
electrophoresis sample buffer (buffer comprising 6 mM Tris-HCl 

10 (pH6.8), 2% SDS, 10% glycerol, 5% 2-mercaptoethanol) and subjected 
as samples for electrophoresis after heating at 95°C, 5 min. The 
samples were separated by electrophoresis using SDS-polyacrylamide 
gel (Multigel 10/20, Daiichi Pure Chemicals Co., Ltd), and the 
separated protein was then transferred to transfer membrane 

15 (Immobilon-P Transf erMembranes, Millipore) by semi-dry blotting 
method. Transfer was carried out using transfer membrane soaked with 
100% methanol for 20 sec and with water for 1 hour, at a 1 mA/cm 2 constant 
current for 1 hour. 

The transfer membrane was shaken in 4 0 ml of blocking solution 

20 (Block-Ace, Snow Brand Milk Products Co . , Ltd.) for 1 hour, and washed 
once in PBS. 

The transfer membrane and 5 ml anti-VSV-G antibody (clone P4D4, 
Sigma) diluted 1/1000 by PBS containing 10% blocking solution were 
sealed in a vinyl-bag and left to stand at 4°C. 
25 The transfer membrane was soaked twice in 40 ml of PBS-0 . 1% Tween 

20 for 5 min, and after the washing, soaked in PBS for 5 min for washing. 

The transfer membrane and 5 ml of anti-mouse IgG antibody 
labeled with peroxidase (anti-mouse immunoglobulin, Amersham) 
diluted to 1/2500 in PBS containing 10% blocking solution were sealed 
30 in vinyl-bag and were shaken at room temperature for 1 hour. 

After shaking, the transfer membrane was soaked twice in 
PBS-0. 1% Tween 20 for 5 min, and after the washing, soaked in PBS 
for 5 min for washing. 

The detection of proteins on the membrane crossreacting with 
35 anti-VSV-G antibody was carried out by the luminescence method (ECL 
Western blotting detection reagents, Amersham) . The result is shown 
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in Figure 33. Three clones showed AxCANCre infection specific VSV-G 
expression, confirming the establishment of LLC-MK2 cells in which 
VSV-G gene product can be induced. 

One clone among the clones obtained, named as LLCG-L1, was 
5 subjected to flow cytometry analysis using anti-VSV antibody (Figure 
34) . As a result, reactivity with antibody specific to VSV-G gene 
induction was detected in LLCG-L1, confirming that VSV-G protein is 
expressed on the cell surface. 

10 <2> Preparation of pseudotype Sendai virus comprising a genome 
deficient in the F gene using helper cells 

Sendai virus comprising a genome deficient in F gene was 
infected to VSV-G gene expressing cells, and whether production of 
pseudotype virus with VSV-G as capsid can be seen or not was examined 

15 using F-deficient Sendai virus comprising GFP gene described in the 
examples above, and the expression of GFP gene as an index. As a result, 
in LLCG-L1 without infection of recombinant adenovirus AxCANCre 
comprising Cre recombinase, viral gene was introduced by F-deficient 
Sendai virus infection and GFP-expressing cells were detected, 

20 although the number of expressing cells was not increased. In VSV-G 
induced cells, chronological increase of GFP-expressing cells was 
found. When 1/5 of supernatants were further added to newly VSV-G 
induced cells, no gene introduction was seen in the former supernatant, 
while the increase of GFP-expressing cells as well as gene 

25 introduction were found in the latter supernatant. Also, in the case 
that supernatant from latter is added to LLCG-L1 cells without 
induction of VSV-G, gene was introduced, but increase of 
GFP-expressing cells was not seen. Taken together, virus propagation 
specific to VSV-G expressing cells was found, and pseudotype 

30 F-deficient virus formation with VSV-G was found. 

<3> Evaluation of conditions for producing pseudotype Sendai virus 
with F gene-deficient genome 

A certain amount of pseudotype Sendai viruses with F 
gene-deficient genomes was infected changing the amount of AxCANCre 

35 infection (MOI=0, 1.25, 2.5, 5, and 10) and culture supernatant was 
recovered at day 7 or day 8 . Then, the supernatant was infected to 
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the cells before and after induction of VSV-G, and after 5 days, number 
of cells expressing GFP was compared to see the effect of amount of 
VSV-G gene expression. As a result, no virus production was found 
at MOI=0 and maximum production was found at MOI=10 (Figure 35) . In 
addition, when time course of virus production was analyzed, the 
production level started to increase from day 5 or after, persisting 
to day 8 (Figure 36) . The measurement of virus titer was accomplished 
by calculating the number of particles infected to cells in the virus 
solution (CIO), by counting GFP-expressing cells 5 days after 
infection of serially (10 fold each) diluted virus solutions to cells 
not yet induced with VSV-G. As a result, the maximal virus production 
was found to be 5x 10 5 CIO/ml. 

<4> Effect of anti-VSV antibody on infectiousness of pseudotype Sendai 
virus with F gene-deficient genome 

As to whether pseudotype Sendai virus with F gene-deficient 
genome obtained by using VSV-G expressing cells comprises VSV-G 
protein in the capsid, the neutralizing activity of whether 
infectiousness will be affected was evaluated using anti-VSV antibody. 
Virus solution and antibody were mixed and lest standing at room 
temperature for 30 min, and then infected to LLCG-L1 cells without 
VSV-G induction. On day 5, gene-introducing capability was examined 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by the anti-VSV antibody, 
whereas in Sendai virus with F gene-deficient genome having the 
original capsid, the inhibition was not seen (Figure 37) . Therefore, 
it was clearly shown that the present virus obtained is a pseudotype 
Sendai virus comprising VSV-G protein in its capsid, in which 
infectiousness of the virus can be specifically inhibited by an 
antibody. 

<5> Confirmation of pseudotype Sendai virus's possession of 
F-deficient genome 

Western blotting analysis of cell extract of infected cells was 
carried out to examine if the present virus propagated in cells 
expressing VSV-G gene is the F-deficient type. Western analysis was 
accomplished by the method described above. As the primary 
antibodies, anti-Sendai virus polyclonal antibody prepared from 
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rabbit, anti-F protein monoclonal antibody prepared from mouse, and 
anti-HN protein monoclonal antibody prepared from mouse were used. 
As the secondary antibodies, anti-rabbit IgG antibody labeled with 
peroxidase in the case of anti-Sendai virus polyclonal antibody, and 

5 anti-mouse IgG antibody labeled with peroxidase in the case of anti-F 
protein monoclonal antibody and anti-HN protein monoclonal antibody, 
were used. As a result, F protein was not detected, whereas protein 
derived from Sendai virus and HN protein were detected, confirming 
it is F-deficient type. 

10 <6> Preparation of pseudotype Sendai virus with F and HN 
gene-deficient genome by using helper cells 

Whether the production of pseudotype virus with VSV-G in 'its 
capsid is observed after the infection of Sendai virus with F and 
HN gene-deficient genome to LLCG-L1 cells expressing VSV-G gene was 

15 analyzed using GFP gene expression as the indicator and F and HN 
gene-deficient Sendai virus comprising GFP gene described in examples 
above, by a similar method as described in examples above. As a result, 
virus propagation specific to VSV-G expressing cells was observed, 
and the production of F and HN deficient Sendai virus that is a 

20 pseudotype with VSV-G was observed (Figure 38) . The measurement of 
virus titer was accomplished by calculating the number of particles 
infected to cells in the virus solution (CIU) , by counting 
GFP-expressing cells 5 days after infection of serially (10 fold each) 
diluted virus solutions to cells not yet induced with VSV-G. As a 

25 result, the maximal virus production was lx 10 6 ClU/ml. 

<7> Confirmation of pseudotype Sendai virus's possession of F and 
HN deficient genome 

Western blotting of proteins in cell extract of infected cells 
was carried out to analyze whether the present virus propagated in 

30 VSV-G expressing cells are the F and HN deficient type. As a result, 
F and HN proteins were not detected, whereas proteins derived from 
Sendai virus were detected, confirming that it is F and HN deficient 
type (Figure 39) . 

35 [Example 12] Analysis of virus reconstitution method 
Conventional method> 
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LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 
cells/dish. After a 24 hour culture, the cells were washed once with 
MEM medium without serum, and then infected with recombinant vaccinia 
virus expressing T7 RNA polymerase (Fuerst, T.R. et al . , Proc. Natl.' 
5 Acad. Sci. USA 83, 8122-8126 1986) (vTF7-3) at room temperature for 
1 hour (moi=2) (moi=2 to 3, preferably moi=2 is used) . The virus used 
herein, was pretreated with 3 jig/ml psoralen and long-wave ultraviolet 
light (365 nm) for 5 min. Plasmids pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, 
and pGEM/L (Kato, A. et al . , Genes cells 1, 569-57 9(1996)) were 

10 suspended in Opti-MEM medium (GIBCO) at ratio of 12 \ig, 4 |ig, 2 ^g, 
and 4 ^g/dish, respectively. Then, SuperFect transfection reagent 
(1 (ig DNA/5 nl, QIAGEN) was added and left to stand at room temperature 
for 15 min and 3 ml Opti-MEM medium containing 3% FBS was added. 
Thereafter, the cells were washed twice with MEM medium without serum, 

15 and DNA-SuperFect mixture was added. After a 3 hr culture, cells were 
washed twice with MEM medium without serum, and cultured 70 hours 
in MEM medium containing 4 0 jig/ml cytosine (3-D-arabinof uranoside 
(AraC, Sigma) . Cells and culture supernatant were collected as P0-d3 
samples. Pellets of P0-d3 were suspended in Opti-MEM medium (10 7 

20 cells/ml) . They were f reeze-thawed three times and then mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 ^il 
DOSPER) and left to stand at room temperature for 15 min. Then, F 
expressing LLC-MK2/F7 cells were transfected with the mixture (10 6 
cells/well in 24-well plate) and cultured with MEM medium without 

25 serum (containing 40 ng/ml AraC and 7.5 \ig/ml trypsin). Culture 
supernatants were recovered on day 3 and day 7 and were designated 
as Pl-d3 and Pl-d7 samples. 

<Envelope plasmid + F expressing cells overlaying method> 

Transfection was carried out similarly as described above, 

30 except that 4 |ig/dish envelope plasmid pGEM/FHN was added. After a 
3 hr culture, cells were washed twice with MEM medium without serum, 
and cultured 48 hours in MEM medium containing 40 jig/ml cytosine 
P-D-arabinofuranoside (AraC, Sigma) and 7.5 ^ig/ml trypsin. After 
removing the culture supernatant, cells were overlaid with 5 ml cell 

35 suspension solution of a 100 mm dish of F expressing LLC-MK2/F7 cells 
suspended with MEM medium without serum (containing 40 |ig/ml AraC 
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and 7.5 fxg/ml trypsin) . After a 48 hr culture, cells and supernatants 
were recovered and designated as P0-d4 samples. Pellets of P0-d4 
samples were suspended in Opti-MEM medium (2x 10 7 cells/ml) and 
freeze-thawed three times. Then F expressing LLC-MK2/F7 cells were 
5 overlaid with the suspension (2x 10 6 cells/well, 24-well plate) and 
cultured in MEM medium without serum (containing 4 0 fig/ml AraC and 
7.5 (ig/ml trypsin) . Culture supernatants were recovered on day 3 and 
day 7 of the culture, designated as Pl-d3 and Pl-d7 samples, 
respectively. As a control, experiment was carried out using the same 
10 method as described above, but without overlaying and adding only 
the envelope plasmid. 

<CIU (Cell Infectious Units) measurement by counting GFP-expressing 
cells (GFP-CIU)> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 

15 cells/well, and after 24 hr culture the wells were washed once with 
MEM medium without serum. Then, the cells were infected with 100 
^il/well of appropriately diluted samples described above (P0-d3 or 
P0-d4, Pl-d3, and Pl-d7), in which the samples were diluted as 
containing 10 to 100 positive cells in 10 cm 2 . After 15 min, 1 ml/well 

20 of serum-free MEM medium was added, and after a further 24 hr culture, 
cells were observed under fluorescence microscopy to count 
GFP-expressing cells. 

Measurement of CIU (Cell Infectious Units )> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 

25 cells/dish and after a 24 hr culture, cells were washed once with 
MEM medium without serum. Then, the cells were infected with 100 
|nl/well of samples described above, in which the virus vector 
contained is designated as SeV/AF-GFP. After 15 min, 1 ml/well of 
MEM medium without serum was added and cultured for a further 24 hours. 

30 After the culture, cells were washed with PBS (-) three times and 
were dried up by leaving standing at room temperature for 
approximately 10 min to 15 min. To fix cells, 1 ml/well acetone was 
added and immediately removed, and then the cells were dried up again 
by leaving to stand at room temperature for approximately 10 min to 

35 15 min. 300 ^il/well of anti-SeV polyclonal antibody (DN-1) prepared 
from rabbit, 100-fold diluted with PBS (-) was added to cells were 
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and incubated for 45 min at 37 °C. Then, they were washed three times 
with PBS (-) and 300 jxl/well of anti-rabbit IgG (H+L) 
fluorescence-labeled second antibody (Alexa™568, Molecular Probes) , 
200-fold diluted with PBS (-) was added and incubated for 45 min at 

5 37°C. After washing with PBS (-) three times, the cells were observed 
under fluorescence microscopy (Emission: 560 run, Absorption: 645 nm 
filters, Leica) to find florescent cells (Figure 40) . 

As controls, samples described above (SeV/AF-GFP) were infected 
at 100 |nl/well, and after 15 min 1 ml/well of MEM without serum was 

10 added, and after a 24 hr culture, cells were observed under 
fluorescence microscopy (Emission: 360 nm, Absorption: 470 nm filters , 
Leica) to find GFP-expressing cells, without the process after the 
culture . 

15 [Example 13] Evaluation of the most suitable PLWUV (Psoralen and 
Long-Wave UV light) treatment conditions for vaccinia virus (vTF7-3) 
for increasing reconstitution efficiency of deficient-type Sendai 
virus vector 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 6 

20 cells/dish, and after a 24 hr culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
. recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Proc. Natl. 
Acad. Sci. USA 83, 8122-812 6(198 6)) expressing T7 RNA polymerase at 
room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 is 

25 used). The virus used herein, was pretreated with 0.3 to 3 fig /ml 
psoralen and long-wave ultraviolet light (365 nm) for 2 to 20 min. 
Plasmids pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al., 
Genes cells 1, 569-579 (1996)) were suspended in Opti-MEM medium 
(GIBCO) at ratio of 12 jig, 4 jig, 2 jig, and 4 ^ig/dish, respectively. 

30 Then, SuperFect transfection reagent (1 fig DNA/5 QIAGEN) was added 
and left to stand at room temperature for 15 min and 3 ml Opti-MEM 
medium containing 3% FBS was added. Thereafter, the cells were washed 
twice with MEM medium without serum, and then DNA-SuperFect mixture 
was added. After a 3 hr culture, cells were washed twice with MEM 

35 medium without serum, and cultured 4 8 hours in MEM medium containing 
40 (ig/ml cytosine p-D-arabinof uranoside (AraC, Sigma) . 
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Approximately 1/20 of field of view in 100 nun culture dish was observed 
by a fluorescence microscope and GFP-expressing cells were counted. 
To test the inactivation of vaccinia virus (vTF7-3), titer measurement 
by plaque formation (Yoshiyuki Nagai et al., virus experiment 
5 protocols, p291-296, 1995) was carried out. 

Further, fixing the timing of recovery after transfection to 
day 3, psoralen and UV irradiation time were examined. Using vaccinia 
virus (vTF7-3) treated with each PLWUV treatment, reconstitution 
efficiency of Sendai virus was examined. Reconstitution was carried 

10 out by modifying the method of Kato et al., namely by the procedure 
described below. LLC-MK2 cells were seeded onto a 6-well microplate 
at 5x 10 5 cells/well, and after an overnight culture (cells were* 
considered to grow to lx 10 6 cells/well) , PBS washed cells were 
infected with diluted vaccinia virus (vTF7-3) at 2x 10 6 pfu/100 |il 

15 calibrated by titer before PLWUV treatment . After a 1 hour infection, 
50 jal of Opt i -MEM medium (GIBCO) was added with 1, 0.5, 1, and 4 |ag 
of plasmid pGEM/NP, pGEM/P, pGEM/L, and additional type SeV cDNA 
(pSeV18 + b ( + ) ) (Hasan, M. K. et al . , J. General Virology 78: 2 813-282 0, 
1997), respectively. 10 ^1 SuperFect (QIAGEN) was further added and 

20 left to stand at room temperature for 15 min. Then, 1 ml of Opti-MEM 
(containing 40 ng/ml AraC) was added and overlaid onto the cells. 
Cells were recovered 3 days after transfection, then centrifuged and 
suspended in 100 jil/well PBS. The suspension was diluted 10, 100, 
and 1000-fold and 100 jlxI of resultant cell solution was inoculated 

25 into embryonated chicken eggs 10 days after fertilization, using 3 
eggs for each dilution (lx 10 5 , lx 10 4 and lx 10 3 cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and virus 
reconstitution was examined by HA test. To calculate reconstitution 
efficiency, eggs showing HA activity that were inoculated with lx 

30 10 5 cells, lx 10 4 cells and lx 10 3 cells, were counted as 1, 10, and 
100 point (s), respectively. 
<Results> 

Results of Examples 12 and 13 are shown in Figures 40 to 43, 
and Table 2. The combination of envelope expressing plasmid and cell 
35 overlay increased the reconstitution efficiency of SeV/AF-GFP. 
Notable improvement was obtained in d3 to d4 (day 3 to day4) of P0 
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(before subculture) (Figure 41) . In Table 2, eggs were inoculated 
with cells 3 days after transf ection . The highest reconstitution 
efficiency was obtained in day 3 when treated with 0.3 jig/ml psoralen 
for 20 min. Thus, these conditions were taken as optimal conditions 
(Table 2) . 

Table 2 : Effect of PLWUV treatment of vaccinia virus on reconstitution 
of Sendai virus 
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[Example 14] Preparation of LacZ-comprising, F-deficient, 
GFP-non-comprising Sendai virus vector 

reconstruction of F-deficient type, LacZ gene-comprising SeV vector 
cDNA> 
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To construct cDNA comprising LacZ gene at Not I restriction site 
existing at the upstream region of NP gene of pSeV18 + /AF described 
in Example 1 (pSeV ( + 18 :LacZ) /AF) , PCR was performed to amplify the 
LacZ gene. PCR was carried out by adjusting LacZ gene to multiples 

5 of 6 (Hausmann, S et al., RNA 2, 1033-1045 (1996)) and using primer 
( 5 ' -GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA- 3 ' /SEQ ID NO: 
17) comprising Not I restriction site for 5' end, and primer 
( 5 ' -GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTC 
TGACACCAGACCAACTGGTA-3' /SEQ ID NO: 18) comprising transcription 

10 termination signal of SeV (E) , intervening sequence (I), 
transcription initiation signal (S), and Not I restriction site for 
3' end, using pCMV-(3 (Clontech) as template. The reaction conditions 
were as follows. 50 ng pCMV-p, 200 jiM dNTP (Pharmacia Biotech) , 100 
pM primers, 4 U Vent polymerase (New England Biolab) were mixed with 

15 the accompanying buffer, and 25 reaction temperature cycles of 94 °C 
30 sec, 50°C 1 min, 72°C 2 min were used. Resultant products were 
electrophoresed with agarose gel electrophoreses. Then, 3.2 kb 
fragment was cut out and digested with NotI after purification. 
pSeV (+18 :LacZ) /AF was obtained by ligating with NotI digested 

20 fragment of pSeV18+/AF. 
Conventional method> 

LLC-MK2 cells were seeded onto 100 mm culture dish at 5x 10 6 
cells/dish, and after a 24 hour culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 

25 recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Proc . Natl. 
Acad. Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase 
at room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 
is used) . The virus used herein was pretreated with 3 fig /ml psoralen 
and long-wave ultraviolet light (365 nm) for 5 min. LacZ comprising, 

30 F-deficient type Sendai virus vector cDNA (pSeV ( + 18 : LacZ) AF) , 
pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , Genes Cells 1, 569-579 
(1996)) were suspended in Opt i -MEM medium (GIBCO) at a ratio of 12 
\xq, 4 jig, 2 |ig, and 4 p,g/dish, respectively, 4 jig/dish envelope plasmid 
pGEM/FHN and SuperFect transfection reagent (1 |ig DNA/5 fil, QIAGEN) 

35 were added and left to stand at room temperature for 15 min. Then, 
3 ml Opti-MEM medium containing 3% FBS was added and the cells were 
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washed twice with MEM medium without serum, and then the DNA-SuperFect 
mixture was added. After a 3 hr culture, cells were washed twice with 
MEM medium without serum, and cultured 2 4 hours in MEM medium 
containing 40 fig /ml cytosine p-D-arabinof uranoside (AraC, Sigma) and 
5 7.5 jig /ml trypsin. Culture supernatants were removed and 5 ml of 
suspension of a 100 mm culture dish of F expressing LLC-MK2/F7 cells 
in MEM medium without serum (containing 40 pg/ml AraC and 7.5 pg/ml 
trypsin) was overlaid onto the cells. After further a 48 hr culture, 
the cells and supernatants were recovered and designated as P0-d3 
10 samples. The P0-d3 pellets were suspended in Opti-MEM medium (2x 10 7 
cells/ml) and after 3 times of f reeze-thawing, were mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 pi 
DOSPER) and left to stand at room temperature for 15 min. Then, F 
expressing LLC-MK2/F7 cells were transfected with the mixture (10 6 
15 cells/well, 24-well plate) and cultured with MEM medium without serum 
(containing 40 pg/ml AraC and 7.5 pg/ml trypsin). The culture 
supernatants were recovered on day 7, and designated as Pl-d7 samples . 
Further, total volumes of supernatants were infected to F expressing 
LLC-MK2/F7 cells seeded onto 12-well plates at 37°C for 1 hour. Then, 
20 after washing once with MEM medium, the cells were cultured in MEM 
medium without serum (containing 40 pg/ml AraC and 7.5 pg/ml trypsin) . 
The culture supernatants were recovered on day 7, and were designated 
as P2-d7 samples. Further, total volumes of supernatants were 
infected to F expressing LLC-MK2/F7 cells seeded onto 6-well plates 
25 at 37 °C for 1 hour. Then, after washing once with MEM medium, the 
cells were cultured in MEM medium without serum (containing 7.5 pg/ml 
trypsin) . The culture supernatants were recovered on day 7, and were 
designated as P3-d7 samples. Further, total volumes of supernatants 
were infected to F expressing LLC-MK2/F7 cells seeded onto 10 cm plates 
30 at 37 °C for 1 hour. Then, after washing once with MEM medium, the 
cells were cultured in MEM medium without serum (containing 4 0 pg/ml 
AraC and 7.5 p,g/ml trypsin) . The culture supernatants were recovered 
on day 7, and were designated as P4-d7 samples. 

Measurement of CIU by counting LacZ-expressing cells (LacZ-CIU)> 
35 LLC-MK2 cells were seeded onto 6-well plate at 2 . 5x 10 6 

cells/well, and after a 24 hr culture, the cells were washed once 
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with MEM medium without serum and infected with 1/10 fold serial 
dilution series of P3-d7 made using MEM medium at 37 °C for 1 hour. 
Then, the cells were washed once with MEM medium and 1 . 5 ml MEM medium 
containing 10% serum was added. After a three day culture at 37 °C, 
5 cells were stained with (3-Gal staining kit (Invitrogen) . Result of 
experiment repeated three times is shown in Figure 44. As the result 
of counting LacZ staining positive cell number, Ix 10 6 ClU/ml virus 
was obtained in P3-d7 samples in any case. 

10 [Example 15] Regulation of gene expression levels using polarity 
effect in Sendai virus 
Construction of SeV genomic cDNA> 

Additional NotI sites were introduced into Sendai virus (SeV) 
full length genomic cDNA, namely pSeV(+) (Kato, A. et al . , Genes to 

15 Cells 1: 569-579, 1996), in between start signal and ATG translation 
initiation signal of respective genes. Specifically, fragments of 
pSeV(+) digested with Sphl/Sall (2645 bp), Clal (3246 bp), and 
Clal/EcoRI (5146 bp) were separated with agarose gel electrophoreses 
and corresponding bands were cut out and then recovered and purified 

20 with QIAEXII Gel Extraction System (QIAGEN) as shown in Figure 45(A) . 
The Sphl/Sall digested fragment, Clal digested fragment, and 
Clal/EcoRI digested fragment were ligated to LITMUS38 (NEW ENGLAND 
BIOLABS), pBluescriptll KS+ (STRATAGENE) , and pBluescriptl I KS+ 
(STRATAGENE) , respectively, for subcloning. Quickchange 

25 Site-Directed Mutagenesis kit (STRATAGENE) was used for successive 
introduction of NotI sites. Primers synthesized and used for each 
introduction were, sense strand: 

5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SEQ ID NO: 19), 
antisense strand: 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' 

30 (SEQ ID NO: 20) for NP-P, sense strand: 

5' -gaaatttcacctaagcggccgcaatggcagatatctatag-3' (SEQ ID NO: 21), 
antisense strand: 5' -ctatagatatctgccattgcggccgcttaggtgaaatttc-3' 
(SEQ ID NO: 22) for P-M, sense strand: 

5' -gggataaagtcccttgcggccgcttggttgcaaaactctcccc-3' (SEQ ID NO: 23), 

35 antisense strand: 
5' -ggggagagttttgcaaccaagcggccgcaagggactttatccc-3' (SEQ ID NO: 24) 
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for M-F, sense strand: 

5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (SEQ ID NO: 
25), antisense strand: 

5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcgacc-3' (SEQ ID NO: 
5 26) for F-HN, sense strand: 

5' -cctgcccatccatgacctagcggccgcttcccattcaccctggg-3' (SEQ ID NO: 27) , 
antisense strand: 
5' -cccagggtgaatgggaagcggccgctaggtcatggatgggcagg-3' (SEQ ID NO: 28) 
for HN-L. 

10 As templates, Sall/SphI fragment for NP-P, Clal fragments for 

P-M and M-F, and Clal/EcoRI fragments for F-HN and HN-L, which were 
subcloned as described above were used, and introduction was carried 
out according to the protocol accompanying Quickchange Site-Directed 
Mutagenesis kit. Resultants were digested again with the same enzyme 

15 used for subcloning, recovered, and purified. Then, they were 
assembled to Sendai virus genomic cDNA. As a result, 5 kinds of 
genomic cDNA of Sendai virus (pSeV(+)NPP, pSeV(+)PM, pSeV(+)MF, 
pSeV(+)FHN, and pSeV ( + ) HNL) in which NotI sites are introduced between 
each gene were constructed as shown in Figure 45(B). 

20 As a reporter gene to test gene expression level, human secreted 

type alkaline phosphatase (SEAP) was subcloned by PCR. As primers, 
5' primer: 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcctg-3' (SEQ ID 
NO: 29) and 3' primer: 

5' -gcggcgcgcccttatcatgtctgctcgaagcggceggccg-3' (SEQ ID NO: 30) 

25 added with AscI restriction sites were synthesized and PCR was 
performed. pSEAP-Basic (CLONTECH) was used as template and Pfu turbo 
DNA polymerase (STRATAGENE) was used as enzyme. After PCR, resultant 
products were digested with AscI, then recovered and purified by 
electrophoreses. As plasmid for subcloning, pBluescriptll KS+ 

30 incorporated in its NotI site with synthesized double strand DNA 
[sense strand: 
5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaaaaacttagggtgaaagt 
tcatcgcggccgc-3' (SEQ ID NO: 31), antisense strand: 
5' -gcggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtt 

35 taaacgcggccgc-3' (SEQ ID NO: 32)] comprising multicloning site 
( Pmel-Ascl-Swal ) and termination signal-intervening 
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sequence-initiation signal was constructed (Figure 46) . To AscI site 
of the plasmid, recovered and purified RCR product was ligated and 
cloned. The resultant was digested with NotI and the SEAP gene 
fragment was recovered and purified by electrophoreses to ligate into 
5 5 types of Sendai virus genomic cDNA and NotI site of pSeV18 + 
respectively. The resultant virus vectors were designated as 
pSeV(+)NPP/SEAP, pSeV ( + ) PM/SEAP, pSeV (+) MF/SEAP, pSeV ( + ) FHN/SEAP, 
pSeV(+)HNL/SEAP, and pSeV18 (+) /SEAP, respectively. 
<Virus reconstitution> 

10 LLOMK2 cells were seeded onto 100 mm culture dishes at 2x 10 6 

cells/dish, and after 24 hour culture the cells were infected with 
recombinant vaccinia virus ( PLWUV-VacT7 ) (Fuerst, T.R. et al., Proc. 
Natl. Acad. Sci. USA 83: 8122-8126, 1986, Kato, A. et al., Genes Cells 
1: 569-579, 1996) expressing T7 polymerase for 1 hour (moi=2) at room 

15 temperature for 1 hour, in which the virus was pretreated with psoralen 
and UV. Each Sendai virus cDNA incorporated with SEAP, pGEM/NP, 
pGEM/P, and pGEM/L were suspended in Opti-MEM medium (GIBCO) at ratio 
of 12 ng, 4 jag, 2 jig, and 4 jig/dish, respectively, 110 \il of SuperFect 
transfection reagent (QIAGEN) was added, and left to stand at room 

20 temperature for 15 min and 3 ml Opti-MEM medium containing 3% FBS 
was added. Then, the cells were washed and DNA-SuperFect mixture was 
added. After a 3 to 5 hour culture, cells were washed twice with MEM 
medium without serum, and cultured 72 hours in MEM medium containing 
cytosine p-D-arabinofuranoside (AraC) . These cells were recovered 

25 and the pellets were suspended with 1 ml PBS, f reeze-thawed three 
times . The 100 jil of resultant was inoculated into chicken eggs, which 
was preincubated 10 days, and further incubated 3 days at 35°C, then, 
allantoic fluid was recovered. The recovered allantoic fluids were 
diluted to 10~ 5 to 10" 7 and re-inoculated to chicken eggs to make it 

30 vaccinia virus-free, then recovered similarly and stocked in aliquots 
at -80°C. The virus vectors were designated as SeVNPP/SEAP, 
SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/ SEAP, and SeV18/SEAP. 
<Titer measurement by plaque assay> 

CV-1 cells were seeded onto 6-well plates at 5x 10 5 cells/well 

35 and cultured for 24 hours. After washing with PBS, cells were 
incubated 1 hour with recombinant SeV diluted as 10" 3 , 10" 4 , 10~ 5 , 10" 6 
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and 1CT 7 by BSA/PBS (1% BSA in PBS) , washed again with PBS, then overlaid 
with 3 ml/well of BSA/MEM/agarose (0.2% BSA + 2x MEM, mixed with 
equivalent volume of 2% agarose) and cultured at 37 °C, 0.5% C0 2 for 
6 days. After the culture, 3 ml of ethanol/acetic acid 
5 (ethanol : acetic acid=l:5) was added and left to stand for 3 hours, 
then removed with agarose. After washing three times with PBS, cells 
were incubated with rabbit anti-Sendai virus antibody diluted 
100-folds at room temperature for 1 hour. Then, after washing three 
times with PBS, cells were incubated with Alexa Flour™ labeled goat 
10 anti rabbit Ig (G+H) (Molecular Probe) diluted 200-folds at room 
temperature for 1 hour. After washing three times with PBS, 
fluorescence images were obtained by lumino-image analyzer LAS1000 
(Fuji Film) and plaques were measured. Results are shown in Figure 
47. In addition, results of titers obtained are shown in Table 3. 

15 

Table 3: Results of titers of each recombinant Sendai virus measured 
from results of plaque assay 



Recombinant virus Titer (pfu/ml) 



SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNL/SEAP 


7.1X109 



20 

<Comparison of reporter gene expression> 

LLC-MK2 cells were seeded onto a 6-well plate at 1 to 5x 10 5 
cells/well and after a 24 hour culture, each virus vector was infected 
at moi=2 . After 24 hours, 100 \il of culture supernatants was recovered 
25 and SEAP assay was carried out. Assay was accomplished with Reporter 
Assay Kit -SEAP- (Toyobo) and measured by lumino-image analyzer 
LAS1000 (Fuji Film) . The measured values were indicated as relative 
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values by designating value of SeV18 + /SEAP as 100. As a result, SEAP 
activity was detected regardless of the position SEAP gene was 
inserted, indicated in Figure 48 . SEAP activity was found to decrease 
towards the downstream of the genome , namely the expression level 
5 decreased. In addition, when SEAP gene is inserted in between NP and 
P genes, an intermediate expression level was detected, in comparison 
to when SEAP gene is inserted in the upstream of NP gene and when 
SEAP gene is inserted between P and M genes. 

10 [Example 16] Increase of propagation efficiency of deficient SeV by 

double deficient AF-HN overlay method 

Since the SeV virus reconstitution method used now utilizes a 
recombinant vaccinia virus expressing T7 RNA polymerase (vTF7-3) , 
a portion of the infected cells is killed by the cytotoxicity of the 

15 vaccinia virus. In addition, virus propagation is possible only in 
a portion of cells and it is preferable if virus propagation could 
be done efficiently and persistently in a more cells. However, in 
the case of paramyxovirus, cell fusion occurs when F and HN protein 
of the same kind virus exists on the cells surface at the same time, 

20 causing syncytium formation (Lamb and Kolakofsky, 1996, Fields 
virology, pll89) . Therefore, FHN co-expressing cells were difficult 
to subculture. Therefore, the inventors thought that recovery 
efficiency of deficient virus may increase by overlaying helper cells 
expressing deleted protein (F and HN) to the reconstituted cells. 

25 By examining overlaying cells with different times of FHN expression, 
virus recovery efficiency of FHN co-deficient virus was notably 
increased. 

LLC-MK2 cells (lx 10 7 cells/dish) grown to 100% confluency in 
10 cm culture dishes was infected with PLWUV-treated vaccinia virus 

30 at moi=2 for 1 hour at room temperature. After that, mixing 12 ng/10 
cm dish, 4 |ig/10 cm dish, 2 jxg/10 cm dish, 4 |ig/10 cm dish, and 4 |ig/10 
cm dish of FHN-def icient cDNA comprising d2EGFP (pSeV18 + /AFHN-d2GFP 
(Example 8)), pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN, respectively 
(3 ml/lOcm dish as final volume) , and using gene introduction reagent 

35 SuperFect (QIAGEN) , LLC-MK2 cells were introduced with genes using 
a method similar to that as described above for the reconstitution 
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of F-deficient virus. After 3 hours, cells were washed three times 
with medium without serum, then, the detached cells were recovered 
by slow-speed centrif ugation (1000 rpm/2 min) and suspended in serum 
free MEM medium containing 40 jig/ml AraC (Sigma) and 7 . 5 jig/ml trypsin 

5 (GIBCO) and added to cells and cultured overnight . FHN co-expressing 
cells separately prepared, which were 100% confluent 10 cm culture 
dishes, were induced with adenovirus AxCANCre at MOI=10, and cells 
at 4 hours, 6 hours, 8 hours, day 2, and day 3 were washed once with 
5 ml PBS(-) and detached by cell dissociation solution (Sigma). 

10 Cells were collected by slow speed centrifugation (1000 rpm/2 min) 
and suspended in serum free MEM medium containing 4 0 jig/ml AraC (Sigma) 
and 7.5 \iq/ml trypsin (GIBCO) . This was then added to cells in which 
FHN co-deficient virus was reconstituted (P0) and cultured overnight. 
Two days after overlaying the cells, cells were observed using 

15 fluorescence microscopy to confirm the spread of virus by GFP 
expression within the cells. The results are shown in Figure 49. 
When compared to the conventional case (left panel) without overlaying 
with cells, notably more GFP-expressing cells were observed when cells 
were overlaid with cells (right) . These cells were recovered, 

20 suspended with 10 7 cells/ml of Opti-MEM medium (GIBCO) and 
f reeze-thawed for three times to prepare a cell lysate. Then, FHN 
co-expressing cells 2 days after induction were infected with the 
lysate at 10 6 cells/100 jil/well, and cultured 2 days in serum free 
MEM medium containing 40 |ig/ml AraC (Sigma) and 7.5 \iq/ml trypsin 

25 (GIBCO) at 37 °C in a 5% C0 2 incubator, and the virus titer of culture 
supernatant of PI cells were measured by CIU-GFP (Table 4). As a 
result, no virus amplification effect was detected 4 hours after FHN 
induction, and notable amplification effects were detected 6 hours 
or more after induction due to cell overlaying. Especially, viruses 

30 released into PI cell culture supernatant were 10 times more after 
6 hours when cell overlaying was done compared to when cell overlaying 
was not done . 

Table 4: Amplification of deficient SeV by double deficient AF-HN 
35 cell overlay method 
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GFP -CIU xlO /ml 



FHNcell+ad/cre 


FHN cell- 


4h 


6h 8h 2d 3d 


8-10 


6-9 


80-100 70-100 60-100 20-50 



[Example 17] Confirmation of pseudotype Sendai virus's possession 
of F-deficient genome 

Western analysis of proteins of extracts of infected cells was 
5 carried out to confirm that the virus propagated by VSV-G gene 
expression described above is F-deficient type. As a result, 
proteins derived from Sendai virus were detected, whereas F protein 
was . not detected, confirming that the virus is F-deficient type 
(Figure 50) . 

10 

[Example 18] Effect of anti-VSV antibody on infectiousness of 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
To find out whether pseudotype Sendai virus comprising F and 
HN gene-deficient genome, which was obtained by using VSV-G 

15 expressing line, comprises VSV-G protein in its capsid, neutralizing 
activity of whether or not infectiousness is affected was examined 
using anti-VSV antibody. Virus solution and antibody were mixed and 
left to stand for 30 min at room temperature. Then, LLCG-L1 cells 
in which VSV-G expression has not been induced were infected with 

20 the mixture and gene-introducing capability on day 4 was analyzed 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by anti-VSV antibody in the 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
(VSV-G in the Figure), whereas no inhibition was detected in Sendai 

25 virus comprising proper capsid (F, HN in the Figure) (Figure 51) . 
Thus, the virus obtained in the present example was proven to be 
pseudotype Sendai virus comprising VSV-G protein as its capsid, and 
that its infectiousness can be specifically inhibited by the antibody. 



74 



[Example 19] Purification of pseudotype Sendai viruses comprising 
F gene-deficient and F and HN gene-deficient genomes by density 
gradient ultracentrif ugation 

Using culture supernatant of virus infected cells, sucrose 

5 density gradient centrif ugation was carried out, to fractionate and 
purify pseudotype Sendai virus comprising deficient genomes of F gene 
and F and HN genes. Virus solution was added onto a sucrose solution 
with a 20 to 60% gradient, then ultracentrif uged for 15 to 16 hours 
at 29000 rpm using SW41 rotor (Beckman) . After ultracentrif ugation, 

10 a hole was made at the bottom of the tube, then 300 jal fractions were 
collected using a fraction collector. For each fraction, Western 
analysis were carried out to test that the virus is a pseudotype Sendai 
virus comprising a genome deficient in F gene or F and HN genes, and 
VSV-G protein as capsid. Western analysis was accomplished by the 

15 method as described above. As a result, in F-deficient pseudotype 
Sendai virus, proteins derived from the Sendai virus, HN protein, 
and VSV-G protein were detected in the same fraction, whereas F protein 
was not detected, confirming that it is a F-deficient pseudotype 
Sendai virus. On the other hand, in F and HN-deficient pseudotype 

20 Sendai virus, proteins derived from Sendai virus, and VSV-G protein 
were detected in the same fraction, whereas F and HN protein was not 
detected, confirming that it is F and HN deficient pseudotype Sendai 
virus (Figure 52) . 

25 [Example 20] Overcoming of haemagglutination by pseudotype Sendai 
virus comprising F gene-deficient and F and HN gene-deficient genomes 
LLC-MK2 cells were infected with either pseudotype Sendai virus 
comprising F gene-deficient or F and HN gene-deficient genome, or 
Sendai virus with normal capsid, and on day 3, 1% avian red blood 

30 cell suspension was added, and left to stand for 30 min at 4°C. 
Thereafter, cell surface of infected cells expressing GFP were 
observed. As a result, for virus with F gene-deficient genome and 
F-deficient pseudotype Sendai virus (SeV/AF, and pseudotype 
SeV/AF (VSV-G) by VSV-G), agglutination reaction was observed on the 

35 surface of infected cells, as well as for the Sendai virus with the 
original capsid. On the other hand, no agglutination reaction was 
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observed on the surface of infected cells for pseudotype Sendai virus 
comprising F and HN gene-deficient genome (SeV/AF-HN (VSV-G) ) (Figure 
53) . 

5 [Example 21] Infection specificity of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells 

Infection efficiency of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells was measured 
by the degree of GFP expression in surviving cells 3 days after 

10 infection using flow cytometry. LLC-MK2 cells showing almost the 
same infection efficiency in pseudotype Sendai virus comprising F 
gene-deficient genome and Sendai virus with original capsid were used 
as controls for comparison. As a result, no difference in infection 
efficiency was found in human ovary cancer HRA cells, whereas in Jurkat 

15 cells of T cell lineage about 2-fold increase in infection efficiency 
of VSV-G pseudotype Sendai virus comprising F gene-deficient genome 
was observed compared to controls (Figure 54) . 

[Example 22] Construction of F-deficient type Sendai virus vector 

20 comprising NGF 

<Reconstitution of NGF/SeV/AF> 

Reconstitution of NGF/SeV/AF was accomplished according to the 
above described "Envelope plasmid + F expressing cells overlaying 
method". Measurement of titer was accomplished by a method using 

25 anti-SeV polyclonal antibody. 

Confirmation of virus genome of NGF/SeV/AF (RT-PCR)> 

To confirm NGF/SeV/AF virus genome (Figure 55, upper panel), 
culture supernatant recovered from LLC-MK2/F7 cells were centrifuged, 
and RNA was extracted using QIAamp Viral RNA mini kit (QIAGEN) according 

30 to the manufacturer's protocol. Using the RNA template, synthesis 
and PCR of RT-PCR was carried out using SUPERSCRIPT™ ONE-STEP™ RT-PCR 
SYSTEM (GIBCO BRL) . As control groups, additional type SeV cDNA 
(pSeVl8 + b( + ) ) (Hasan, M . K. et al. , J. General Virology 78: 2 813-2 82 0, 
1997) was used. NGF-N and NGF-C were used as PCR primers. For NGF-N, 

35 forward: ACTTGCGGCCGCCAAAGTTCAGTAATGTCCATGTTGTTCTACACTCTG (SEQ ID 
NO: 33), and for NGF-C, reverse: 
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ATCCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGC 
CTTCCTGC (SEQ ID NO: 34) were used. As a result, when NGF-N and NGF-C 
were used as primers, an NGF specific band was detected for NGF/SeV/AF 
in the RT conditions. No band was detected for the control group 
5 (Figure 55, bottom panel) . 

[Example 23] NGF protein quantification and measurement of in vitro 
activity expressed after infection of F-def icient type SeV comprising 
NGF gene 

10 Infection and NGF protein expression was accomplished using 

LLC-MK2/F or LLC-MK2 cells grown until almost confluent on culture 
plates of diameter of 10 cm or 6 cm. NGF/SeV/AF and NGF/SeV/AF-GFP 
were infected to LLC-MK2/F cells, and NGF/ SeV and GFP/SeV were 
infected to LLC-MK2 cells at m.o.i 0.01, and cultured 3 days with 

15 MEM medium without serum, containing 7.5 jig /ml trypsin (GIBCO) . 
After the 3 day culture, in which almost 100% of cells are infected, 
medium was changed to MEM medium without trypsin and serum and further 
cultured for 3 days. Then, each culture supernatant were recovered 
and centrifuged at 48, 000x g for 60 min. Then, quantification of NGF 

20 protein and measurement of in vitro activity for the supernatant were 
carried out. Although in the present examples, F-def icient type SeV 
(NGF/SeV/AF, NGF/SeV/AF-GFP) (see Figure 55) are infected to 
LLC-MK2/F cells, if infected with a high m. o . i - (e.g. 1 or 3) , namely, 
infected to cells' that are nearly 100% confluent from the beginning, 

25 experiment giving similar results can be performed using F 
non-expressing cells . 

For NGF protein quantification, ELISA kit NGF Emax Immuno Assay 
System (Promega) and the accompanying protocol were used . 32.4 ^ig/ml, 
37 . 4 jig /ml, and 10 . 5 jig /ml of NGF protein were detected in NGF/SeV/AF, 

30 NGF/SeV/AF-GFP, and NGF/ SeV infected cell culture supernatant, 
respectively. In the culture supernatant of NGF/SeV/AF and 
NGF/SeV/AF-GFP infected cells, high concentration of NGF protein 
exists, similar to culture supernatant of NGF/ SeV infected cells, 
confirming that F-def icient type SeV expresses enough NGF. 

35 The measurement of in vitro activity of NGF protein was 

accomplished by using a dissociated culture of primary chicken dorsal 
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root ganglion (DRG; a sensory neuron of chicken) using survival 
activity as an index (Nerve Growth Factors (Wiley, New York) , 
pp. 95-109 (1989)). Dorsal root ganglion was removed from day 10 
chicken embryo, and dispersed after 0.25% trypsin (GIBCO) treatment 
5 at 37 °C for 20 min. Using high-glucose D-MEM medium containing 100 
units/ml penicillin (GIBCO), 100 units/ml streptomycin (GIBCO), 250 

ng/ml amphotericin B (GIBCO) 20 \jM 2-deoxyuridine (Nakarai) , 20 
5-f luorodeoxyuridine (Nakarai) , 2 mM L-glutamine (Sigma) , and 5% 
serum, cells were seeded onto 96-well plate at about 5000 cells/well. 

10 Polylysin precoated 96-well plates (Iwaki) were further coated with 
laminin (Sigma) before use. At the start point, control NGF protein 
or previously prepared culture supernatant after SeV infection was 
added. After 3 days, cells were observed under a microscope as well 
as conducting quantification of surviving cells by adding Alamer blue 

15 (CosmoBio) and using the reduction activity by mitochondria as an 
index (measuring 590 nm fluorescence, with 530 nm excitation) . 
Equivalent fluorescence signals were obtained in control (without 
NGF addition) and where 1/1000 diluted culture supernatant of cells 
infected with SeV/additional-type-GFP (GFP/SeV) was added, whereas 

20 the addition of 1/1000 diluted culture supernatant of cells infected 
with NGF/SeV/AF, NGF/ SeV/AF-GFP, and NGF/SeV caused a notable 
increase in fluorescence intensity, and was judged as comprising a 
high number of surviving cells and survival activity (Figure 56) . 
The value of effect was comparable to the addition of amount of NGF 

25 protein calculated from ELISA. Observation under a microscope proved 
a similar effect. Namely, by adding culture supernatant of cells 
infected with NGF/SeV/AF, NGF/ SeV/AF-GFP, and NGF/SeV, increase in 
surviving cells and notable neurite elongation was observed (Figure 
57) . Thus, it was confirmed that NGF expressed after infection of 

30 NGF-comprising F-deficient type SeV is active form. 

[Example 24] Detailed analysis of F-expressing cells 
1. moi and induction time course of Adeno-Cre 

By using different moi of Adeno-Cre, LLC-MK2/F cells were 
35 infected and after induction of F protein, the amount of protein 
expression and the change in cell shape were analyzed. 
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Expression level was slightly higher in moi=10 compared with 
moi=l (Figure 58) . When expression amounts were analyzed at time 
points of 6 h, 12 h, 24 h, and 48 h after induction, high expression 
level of F protein at 48 h after induction was detected in all cases. 
5 In addition, changes in cell shape were monitored in a time 

course as cells were infected with moi=l , 3, 10, 30, and 100. Although 
a notable difference was found up to moi=10, cytotoxicity was observed 
for moi=30 or over (Figure 59) . 
2. Passage number 

10 After induction of F protein to LLC-MK2/F cells using Adeno-Cre, 

cells were passaged 7 times and expression level of F protein and 
the morphology of the cells were analyzed using microscopic 
observation. On the other hand, laser microscopy was used for 
analysis of intracellular localization of F protein after induction 

15 of F protein in cells passaged until the 20 th generation. 

For laser microscopic observation, LLOMK2/F cells induced with 
F protein expression were put into the chamber glass and after 
overnight culture, media were removed and washed once with PBS, then 
fixed with 3.7% Formalin-PBS for 5 min. Then after washing cells once 

20 with PBS, cells were treated with 0.1% Triton X100-PBS for 5 min, 
and treated with anti-F protein monoclonal antibody (y-236) (1/100 
dilution) and FITC labeled goat anti-rabbit IgG antibody (1/200 
dilution) in this order, and finally washed with PBS and observed 
with a laser microscope. 

25 As a result, no difference was found in F protein expression 

levels in cells passaged up to 7 times (Figure 60) . No notable 
difference was observed in morphological change, infectiousness of 
SeV, and productivity. On the other hand, when cells passaged up to 
20 times were analyzed for intracellular localization of F protein 

30 using the immuno-antibody method, no big difference was found up to 
15 passages, but localization tendency of F protein was observed in 
cells passaged more than 15 times (Figure 61) . 

Taken together, cells before 15 passages are considered 
desirable for the production of F-deficient SeV. 

35 



[Example 25] Correlation between GFP-CIU and anti-SeV-CIU 
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Correlation of the results of measuring Cell-Infected Unit 
(CIU) by two methods was analyzed. LLC-MK2 cells were seeded onto 
a 12-well plate at 2x 10 5 cells/dish, and after a 24 hour culture, 
cells were washed once with MEM medium without serum, and infected 

5 with 100 fil/well SeV/AF-GFP. After 15 min, 1 ml/well serum-free MEM 
medium was added and further cultured for 24 hours . After the culture, 
cells were washed three times with PBS(-) and dried up (left to stand 
for approximately 10 to 15 min at room temperature) and 1 ml/well 
acetone was added to fix cells and was immediately removed. Cells 

10 were dried up again (left to stand for approximately 10 to 15 min 
at room temperature) . Then, 300 (il/well of anti-SeV polyclonal 
antibody (DN-1) prepared from rabbits and diluted 1/100 with PBS(-) 
was added to cells and incubated at 37 °C for 45 min and washed three 
times with PBS(-). Then, to the cells, 300 (il/well of anti-rabbit 

15 IgG(H+D) fluorescence-labeled second antibody (Alex™ 568, Molecular 
Probes) diluted 1/200 with PBS(-) was added, and incubated at 37°C 
for 45 min and washed three times with PBS(-). Then, cells with 
fluorescence were observed under fluorescence microscopy (Emission: 
560 nm, Absorption: 645 nm, Filters: Leica) . 

20 As a control, cells were infected with 100 ^1/well of SeV/AF-GFP 

and after 15 min, 1 ml/well of MEM without serum was added. After 
a further 24 hour culture, GFP-expre-ssing cells were observed under 
fluorescence microscopy (Emission: 360 nm, Absorption: 470 nm, 
Filters: Leica) without further manipulations. 

25 A Good correlation was obtained by evaluating the fluorescence 

intensity by quantification (Figure 62). 

[Example 2 6] Construction of multicloning site 

A multicloning site was added to the SeV vector . The two methods 
30 used are listed below. 

L. Several restriction sites in full-length genomic cDNA of Sendai 
virus (SeV) and genomic cDNA of pSeV18 + were disrupted, and another 
restriction site comprising the restriction site disrupted was 
introduced in between start signal and ATG translation initiation 
35 signal of each gene. 

2. Into already constructed SeV vector cDNA, multicloning site 
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sequence and transcription initiation signal - intervening sequence- 
termination signal were added and incorporated into NotI site. 

In the case of method 1, as an introducing method, Eagl-digested 
fragment (2644 bp), Clal-digested fragment (3246 bp), 
5 Clal/EcoRI-digested fragment (5146 bp), and EcoRI-digested fragment 
(5010 bp) of pSeV18 + were separated by agarose electrophoreses and 
the corresponding bands were cut out, then it was recovered and 
purified by QIAEXII Gel Extraction System (QIAGEN) . Eagl-digested 
fragment was ligated and subcloned into LITMUS38 (NEW ENGLAND BIOLABS) 

10 and Clal-digested fragment, Clal/EcoRI-digested fragment, and 
EcoRI-digested fragment were ligated and subcloned into pBluescriptll 
KS+ (STRATAGENE) . Quickchange Site-Directed Mutagenesis kit 
(STRATAGENE) was used for successive disruption and introduction of 
restriction sites. 

15 For disruption of restriction sites, Sal I: (sense strand) 

5' -ggagaagtctcaacaccgtccacccaagataatcgatcag-3' (SEQ ID NO: 35), 
( ant i sense strand) 5' -ctgatcgattatcttgggtggacggtgttgagacttctcc-3' 
(SEQ ID NO: 36), Nhe I: (sense strand) 

5' -gtatatgtgttcagttgagcttgctgtcggtctaaggc-3' (SEQ ID NO: 37), 

20 (antisense strand) 5' -gccttagaccgacagcaagctcaactgaacacatatac-3' 
(SEQ ID NO: 38), Xho I: (sense strand) 

5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (SEQ ID NO: 39) , 
(antisense strand) 
5' -ccaggtaactctttagtgactccagcctctctagagagttcattg-3' (SEQ ID NO: 40) , 

25 and for introducing restriction sites, NP-P: (sense strand) 
5' -gtgaaagttcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (SEQ ID 
NO: 41), (antisense strand) 

5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (SEQ ID 
NO: 42), P-M: (sense strand) 

30 5' -cttagggtgaaagaaatttcagctagcacggcgcaatggcagatatc-3' (SEQ ID NO: 

43) , (antisense strand) 
5' -gatatctgccattgcgccgtgctagctgaaatttctttcaccctaag-3' (SEQ ID NO: 

44) , M-F: (sense strand) 
5' -cttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (SEQ ID 

35 NO:45), (antisense strand) 

5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SEQ ID NO: 
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46), F-HN: (sense strand) 

5' -ggtcgcgcggtactttagtcgacacctcaaacaagcacagatcatgg-3' (SEQ ID 
NO:47), (antisense strand) 

5' -ccatgatctgtgcttgtttgaggtgtcgactaaagtaccgcgcgacc-3' (SEQ ID 
5 NO:48), HN-L: (sense strand) 

5' -cccagggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (SEQ ID 
NO: 49) , (antisense strand) 

5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (SEQ ID 
NO: 50), were synthesized and used for the reaction. After 

10 introduction, each fragment was recovered and purified similarly as 
described above, and cDNA were assembled. 

In the case of method 2, (sense strand) 
5' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataagaaaaacttagggtga 
aagt-tcatcac-3' (SEQ ID NO: 51) , (antisense strand) 

15 5' -ggccgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaacc 
gttaattaagc-3' (SEQ ID NO: 52), were synthesized, and after 
phosphorylation, annealed by 85°C 2 min, 65°C 15 min, 37°C 15 min, 
and room temperature 15 min to incorporate into SeV cDNA. 
Alternatively, multicloning sites of pUC18 or pBluescriptll, or the 

20 like, are subcloned by PCR using primers comprising termination signal 
- intervening sequence - initiation signal and then incorporate the 
resultant into SeV cDNA. The virus reconstitution by resultant cDNA 
can be performed as described above. 

25 Industrial Applicability 

The present invention provided Paramyxoviridae virus-derived 
RNP deficient in at least one envelope gene, and the utilization 
thereof as a vector. As a preferable embodiment, vectors comprising 
a complex of RNP and a cationic compound are provided. By applying 

30 present invention, antigenicity and/or cytotoxicity problems can be 
avoided when introducing vectors into target cells. 



82 



CLAIMS 

1. A complex comprising (a) a negative-strand single-stranded RNA 
derived from a paramyxovirus, wherein said RNA is modified so as not 
express at least one of the envelope proteins of Paramyxoviridae 
viruses, and (b) a protein encoded by and binding to said 
negative-strand single-stranded RNA. 

2. A complex according to claim 1, wherein said negative-strand 
single-stranded RNA is modified so as to express NP, P and L proteins, 
but not F, HN or M proteins, or any combination thereof. 

3. A complex according to claim 1 or 2, wherein said negative-strand 
single-stranded RNA derives from the Sendai virus. 

4. A complex according to any of claims 1 through 3, wherein said 
negative-strand single-stranded RNA further encodes a foreign gene. 

5. A composition for gene transfer, comprising a complex according 
to claim 4 and a cationic lipid. 

6. A composition for gene transfer, comprising a complex according 
to claim 4 and a cationic polymer. 

7. A method for expressing a foreign gene in a cell, comprising the 
step of introducing the composition for gene transfer according to 
claim 5 or 6 into a cell. 
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ABSTRACT 

A functional RNP containing negative-strand single-stranded 
RNA derived from Sendai virus, which has been modified so as not to 
5 express any envelope protein, has been successfully prepared. An RNP 
comprising a foreign gene is prepared and inserted into a cell with 
the use of a cationic liposome, thereby successfully expressing the 
foreign gene. 
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